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ENGINEERING SCHOOLS AND UNIONS* 


By V. T. BOUGHTON 
Managing Editor, Engineering News-Record 


What I have to say on the effect of the unionization of technical 
men on college students and the engineering schools can be summed 
up in two words—very little. However, the union movement may 
become so important to the young graduate that it is well that 
teachers in our engineering schools be in a position to advise their 
students wisely on this subject. 

The first essential to a study of the union movement is to rec- 
ognize that there is nothing fundamentally wrong in a trade union. 
A lot of engineers do not hold to that view; they maintain that 
professionalism and unionism are incompatible. When analyzed 
this view is found to be mostly wishful thinking. It finds its 
origin in the natural revulsion of the educated man to trade unions 
as we know them today and to the tactics of union organizers. 

Yet the purpose of a trade union is laudable. It is to get for 
its members by collective action what the individual cannot get 
alone. Our state professional societies have much the same pur- 
pose, but employ different methods. So far they have limited 
themselves chiefly to legislative matters and civil service questions, 
but in New York State the state society has taken a hand in get- 
ting better pay for engineers on WPA, a move, by the way, in 
which the A. S. C. E. codperated. There is no reason why, ulti- 
mately, the state societies might not represent employees in col- 
lective bargaining with employers. Developed from that angle, 
you would have the ideal union with few objectionable features. 

But the trade union as we have it today is quite different from 
the ideal agency for collective bargaining. The two principal 
unions, the Technical Engineers’, Architects’, and Draftsmen’s 
Unions and the Federation of Architects, Engineers, Chemists and 
Technicians, have many bad features carried over from the older 
trade unions on which they are patterned. In the first place 
their methods of working include threat of strike, exaggeration of 
issues, verbal abuse of the whole employer class, misstatement of 
facts, and like tactics which are distasteful to the educated or eul- 
tured man. This is especially true of the F. A. E. C. T. More 
fundamental, however, are the matters of classification of men, 

* Presented at the meeting of the Allegheny Section, S. P. E. E., Novem- 
ber 4-5, 1938, at the University of Pittsburgh. 
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promotion according to seniority, and limitation on production, all 
of which seem to be inseparable from unionization. 

As pay rates and working hours are the chief concern of unions, 
it is essential that all men included in the union be classified as to 
work done and pay. And once a man finds himself in a particu- 
lar group he finds also that about the only way to get out of that 
group is by the slow process of seniority. The older man, re- 
gardless of ability, gets the preference unless he actually lacks the 
technical qualifications. Of course we have much the same situa- 
tion in civil service except that major changes now are made on 
the basis of examination. Then there is the tendency in large 
groups to check the production of the ambitious worker to keep 
him from showing up the rest of the group, a leveling process which 
is one of the chief drawbacks for the ambitious man in any regi- 
mentation. 

And here is where the question of professionalism and unionism 
comes in. Many engineers maintain that a man cannot bind him- 
self to abide by the limits a union sets up and at the same time 
maintain a professional approach to his work. The best answer I 
can give is that I have seen many trainmen and enginemen in the 
strongest unions in this country take what to me is a professional 
approach to their work—willingness to go beyond the normal de- 
mands of their job to make it a success, or to meet an emergency; 
putting their employers’ interest above their own. Put the am- 
bitious, professionally minded man in the worst kind of a union 
and he still will rise above his environment. Abiding by the de- 
cisions of his organization may be difficult at times, but it will not 
kill his professional spirit. 

Turning now to your particular problem, what do the technical 
unions have to offer to the engineering graduate? I think they 
have little to offer except to the man who finds himself one of many 
engineers employed by a large corporation. To these men, tem- 
porarily at least, union membership may be an advantage. Cer- 
tainly I would not advise the young engineer going into a big cor- 


poration where the engineers are already unionized to hold aloof. . 


He might better join the union and throw his weight with those 
who would raise the union’s standards. Also, an engineers’ union 
in such an organization has the desirable effect of keeping engi- 
neers together as a separate bargaining agency. Without a union 
in a highly unionized plant they are swallowed up in a big com- 
pany union. 

Take the West Allis plant of the Allis-Chalmers Mfg. Co., for 
example. The engineers of that plant had a small local union of 
their own when the C. I. O. came in and organized the plant, seek- 
ing to get itself named the bargaining agent for all workers. The 
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engineers union and some others held out and subsequently got 
the National Labor Relations Board to rule that they should be 
separate bargaining agencies. Thus they are in a position to get 
a hearing for their peculiar troubles that they would not get as a 
small minority among the mechanics who are uninterested in their 
problems. 

A young engineer going into that plant, it seems to me, would 
be far better off to throw his lot in with the engineers union to 
help raise its standards than to stay out. And of course where a 
closed shop exists he has no alternative. 

In the City of Seattle, the whole City engineering department, 
except the city engineer himself, who is ineligible, has joined the 
T. E. A. D. U., including O. A. Piper, past president of the Seattle 
Section, A. S. C E. Similarly, the Minnesota Highway Depart- 
ment is largely unionized. Of course both states are centers of 
labor activity, but wide acceptance of unionization by their engi- 
neers goes to show that the unien question needs to be faced with 
horse sense rather than with the theoretical idealism of dear old 
educators like Dr. Riggs or Dr. Mead. 

Your students should be shown both sides of the picture. Blind 


following of the idealist who tells them that the only way to high - 


professional position is to avoid the unions will lead to just as 
much disillusionment as will blind following of the labor organ- 
izer who promises high pay and easy working conditions. 

No one can deny that young engineers and engineering as- 
sistants have been and still are exploited through low pay and 
long hours. Even some of the most ethical leaders of our profes- 
sion have not been above exploitation under the guise of giving 
the young man practical experience. The unions have helped ma- 
terially in checking this practice, which was particularly bad 
among speculative builders in New York a few years ago. The 
Wagner Labor Relations Act and the new Fair Labor Standards 
Act, both fostered by organized labor, have done much to spread 
the gains and make them permanent—bad as both acts are in other 
respects. 

Curious as it may seem, the labor relations act and the fair- 
labor-standards act may prove to be the end of smaller unions like 
the technical unions because once the principle of collective bar- 
gaining is widely accepted by employers, and once the small groups 
of employees realize that even they can appeal directly to the 
NLRB if need be, there will be little reason to pay dues to support 
national officers and to pay national organizers. 

It is impossible to determine how many real engineers are mem- 
bers of unions, but I do not think the number is large, despite the 
claims of the F. A. E. C. T. When the A. 8S. C. E. Unionization 
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Committee made its study last fall the total membership was put 
at around 12,000, but the great bulk of these men, so far as we 
could tell, were in the sub-professional class, relatively few being 
graduate engineers. The chief appeal of the unions always will 
be to the sub-professional class. I can’t get excited about the pos- 
sibility of any large number of engineers going into unions. 

If the state societies of professional engineers would take in the 
higher grade men in the sub-professional class—chiefly those who 
aspire to be licensed—putting them in an associate grade, and 
would take a real interest in their welfare, there would be no rea- 
son to worry about the trade unions. 


— 
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APPLICATIONS OF THE PHYSICAL SCIENCES 
By SAUL B. ARENSON 


Professor of Inorganic Chemistry, University of Cincinnati 


For the fifth consecutive year, the University of Cincinnati will 
present its annual series of Saturday morning orientation lectures 
‘“‘The Applications of the Physical Sciences’’ to certain invited 
high school junior and senior students. 

Teachers of the physical sciences in all high schools (private, 
public, and parochial) within 25 miles of Cincinnati will be asked 
to select those students who rank in the upper 10 per cent of their 
classes of chemistry, physics, geology, and advanced mathematics. 
Only those students will receive a free ticket to permit them to 
enjoy a series of eight demonstration lectures, highly illustrated 
by actual experiments, slides, and motion pictures. 

If this year’s series runs true to form, almost 90 per cent of 
the 1,100 invited students will attend the first four or five lectures ; 
spring fever and inertia causing a drop in attendance later in the 
series, 

It has been the opinion of some educators that physics, for ex- 
ample, as it is taught in many high schools, is taught as physics, 
with no effort being made to explain the many ways that the sub- 
ject matter is related to the other physical sciences. One of the 
objects of these lectures is to correct that condition. Another use- 
ful purpose is to show the modern industrial and engineering ap- 
plications of the facts which they learn in their high school classes. 

There are two series of eight lectures given in alternate years. 
Thus a good student will be able to hear all of the lectures during 
the last two years of his high school career. To show the variety 
and type of subject matter, the two series are outlined in detail. 

Last year the lectures were: 


1. “The Physies of Air in Motion,” Samuel J. M. Allen, Professor of Ex- 
perimental Physics. 

A theoretical discussion of the principles involved in the motion of 
air past objects and of objects through the air, showing the connection 
between pressure and velocity known as the Bernoulli and Venturi prin- 
ciples. Actual demonstrations of the above relations—the curving of golf 
balls, tennis balls, and baseball; hydrodynamic problems, phenomena of 
light balls on air jets; airplanes and streamlining, 
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2. “On Oxidation and Combustion,” Henry M. Goettsch, Professor of 
Inorganic Chemistry. 

The nature of combustion has occupied the attention of thinking men 
during past ages. Is matter “destroyed” when it burns up? Just what 
happens when this occurs? What about the phlogiston theory? A series 
of experiments and demonstrations will be shown to help give the answer 
to those questions. 

3. “ Diesel Engines,” Reuel L. Smith, Assistant Professor of Mechanical 
Engineering. 

A development of the Diesel Engine; its place in modern industry and 
transportation; general characteristics of internal combustion engines and 
the unique characteristics of Diesel Engines; the economies of Diesel 
power. Illustrated by many charts and lantern slides. 


4. “Stroboscopy, the Science of Arresting High-Speed Motion,” Albert 
C. Herweh, Instructor in Electrical Engineering. 

Several types of stroboscopes described by slides and demonstrations. 
Viewing of high speed electric fan in motion as though it were actually 
standing at rest. Use of polarized stroboscopic light for the analysis of 
stress in airplane propellors in motion. Taking of high speed motion 
pictures for detailed study of motions which are normally imperceptible 
will be diseussed. In conelusion, motion pictures (shattering of glass, 
mechanies of splashes), some of which were taken at the rate of 6,000 
frames per second, will be shown in ultra-slow motion. 


5. “Clay and Clay Products,” Harold S. Nash, Professor of Ceramics. 
Formation of clays, classification, preparation, shaping, firing, and 

glazing of clay products. Chemistry of glasses and clays. Actual dem- 

onstrations of glaze forming and pottery firing. Lantern slides. 


6. “ Ancient and Modern Dyes,” Hoke S. Greene, Assistant Professor of 
Chemical Engineering. 

The triumph of chemistry in the synthesis of natural dyes and many 
others not found in nature will be discussed. Demonstrations will be em- 
ployed to show how dyes are made and used, what causes color in dyes, 
and how the color may be changed. 

7. “Sounds Made Visible,” Laurence R. Culver, Associate Professor of 
Electrical Engineering. 

The basic structure of speech and music will be illustrated by oscillo- 
graphs and loudspeakers. A selected fundamental note in the musical 
seale, with a few of its overtones, will be generated, shown, and heard. 
An effort will be made to imitate certain musical instruments. An oppor- 
tunity will be presented for members of the audience to see their spoken, 
sung, or whistled notes. 

8. “Controlling Soil Erosions,” John L. Rich, Professor of Economie 
Geology. 

By cutting forests, plowing fields, and pasturing two steers where 
there is grass enough for one we have disturbed nature’s delicate balance 
between rainfall, vegetation cover, and slope. Results—fertile soils 
washed away, river beds silted up, scarcity of water in dry seasons, and 
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disastrous floods when rains come. Why these changes came about and 
what can be done about them is the topic of the lecture. Lantern slides 
and maps. Aerial photographs. 


This winter commencing about February 1, on eight successive 
Saturday mornings these lectures will be heard: 


1. “ Vibrations, Waves, and Sounds,” Robert C. Gowdy, Professor of 
Physies; Isay Balinkin, Instructor in Physies. 
Behavior of various kinds of waves; how energy is transmitted by 
wave motion. Many demonstrations, including the characteristics of 
musical sounds and types of vibration used to produce them. 


2. “ Visible and Invisible Light,” Dare A. Wells, Associate Professor of 
Physies. 
“Explanations ” of the complete range of “Light” including radio, 
infra-red, visible, ultra-violet, and gamma rays, with elaborate and start- 
ling demonstrations. 


3. “ Nitrogen of the Air Made Valuable,” Reuben S. Tour, Professor of 
Chemical Engineering. 
Descriptions of the chemistry and engineering basic to the main meth- 
ods of “ Nitrogen Fixation”; importance and use of nitrogen compounds. 
Accompanied by appropriate lantern slides. 


4. “From Soft Iron Ore to Hardened Steel,” Roy O. McDuffie, Associate 
Professor of Metallurgy; George M. Enos, Associate Professor of 
Metallurgy. 

Extraction of iron from ores; the necessary refining processes; strue- 
ture of steel; changes during the hardening by cold work and heat treat- 
ment. Actual demonstrations as well as slides and motion pictures. 


5. “Building of the George Washington Bridge,” Howard B. Luther, 
Professor of Civil Engineering. 

Bridge design and construction; applications of mathematics and 
mechanics and knowledge of properties of materials; study of geological 
formation. A description by slides of method of spinning cables, foun- 
dation designs, ete. 


6. “ What Makes it Fly,” Bradley Jones, Professor of Aeronautics. 

Actual demonstration with model airplane and wind-tunnel. Sample 
calculations showing how results in windtunnel tests may be used in find- 
ing power of full-size wing. Slides. 


7. “The Geologist’s Share in the Finding of Oil,” Walter H. Bucher, 
Professor of Historical Geology. 

Trial and error method of finding pools; origin of pools; relation be- 
tween oil pools and rock structure; microscopic fossils as clues; and how 
artificial miniature earthquakes and other geophysical methods reveal 
underground structures.Lantern slides and charts. 


8. “From Galileo to Einstein,” Louis Brand, Professor of Mathematies. 

Galileo’s great discoveries; his investigations supporting the Theory 
of Copernicus: development of astronomy and mechanies at the hands of 
Newton and others traced to the present day. Slides and charts. 
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As one national newspaper mentioned, covering the first talk 
five years ago, ‘‘When a breakfast food company gives away 
samples of its product, that’s good business—but when a univer- 
sity gives away samples of its lectures, that’s news.’’ But, of 
course, it is much more than that. It is not necessary to mention 
to the readers of this JouRNAL the immense value of these lectures 
to students in their formative years. 

Certainly the university lecturer benefits too—because he comes 
in contact with a new type of student. If he thinks that he is ad- 
dressing members of the modern generation, concerned only with 
‘‘Swing’’ and football, he will have the thrill of his life when he 
views the audience of 1,000 or more earnest high school students, 
spending their own free Saturday mornings in an eagerness to 
learn more. The many questions that they ask in the hour after 
the lecture when they are on the platform viewing the experimen- 
tal apparatus, will more than repay the lecturer for the many 
hours of work caused by the lecture. 

This then is simply a progress report * of an experiment which 
we believe was unique in educational circles five years ago. Ad- 
ditional information can be secured from the writer. 

* First reported as ‘‘A Novel Experiment’’ in School and Society, July 
4, 1936. 


INDUSTRIAL REQUIREMENTS FOR THE PETROLEUM 
ENGINEER * 


By HARRY H. POWER 


Professor of Petroleum Engineering, The University of Texas 


Many questions arise in current discussions concerning prepara- 
tion for the profession of petroleum engineer, particularly relative 
to the best curriculum to follow and the relative emphasis placed 
upon the so-called fundamentals as compared to that placed upon 
their application in the specialized courses. The curricula in pe- 
troleum engineering are relatively new, and considerable change has 
been evidenced since the first department was established at the 
University of Pittsburgh in 1912. What may appear to be the best 
curriculum in petroleum engineering to-day may not serve for the 
future, if the needs of the industry and development of engineers to 
meet the changing order are the primary criteria. 

It is platitudinal to say that departments of petroleum engineer- 
ing should supply sufficient basic training for a lifetime of subse- 
guent study and practice. An entering wedge is provided for young 
men of certain aptitudes, which facilitates progress as they en- 
counter various experiences, arrive at definite conclusions, and see 
the results of their work in practice. The succession of problems 
confronting engineers in the field results in a degree of versatility 
not ordinarily encountered in other professions. It is apparent 
that the engineer’s ability to think is limited by his mentality, his 
educational experiences, and his job experiences. In the field of 
petroleum engineering his lack of job experiences often proves as 
much of a handicap as a lack of educational experiences. To be 
of the most value, job experiences should be varied so as to offer 
numerous possible solutions of the problem. 


CHANGES IN PETROLEUM ENGINEERING 


Before the advent of the petroleum engineer, engineering work 
with producing companies was in most cases handled in various 
manners. Of course, there was a certain amount of surveying 
necessary for location of wells, running of property lines and 
erecting structures. The electrical engineer may also have been 
consulted to some extent where electric power was in demand. The 
mechanical engineer started at the designing end, and still finds 


* Presented at the Conference on Mineral Technology, at the 46th Annual 
Meeting, 8S. P. E. E., College Station, Texas, June 27-30, 1938. 
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avenues for best work in the plants of equipment manufacturers. 
It is true that the producing industry is largely mechanical, but 
principally from an operating point of view. Consequently, funda- 
mental engineering training, regardless of the particular branch 
studied has permitted young engineers to become efficient operators. 

One of the first conceptions of the petroleum engineer confined 
his efforts to various subsurface problems lying between the field of 
the geologist and the mechanical engineer. He studied the con- 
struction of wells and casing programs, recommended casing points, 
points for water shut-off, and procedure for the reduction of under- 
ground losses of all kinds. He also concerned himself with prob- 
lems in recovery of oil and gas, and the estimation of reserves. 
However, the petroleum engineer has been forced to carve his own 
path throughout the relatively few years of his existence, and has 
shown conclusively, that original concepts have been broadened 
materially to include work in many phases of development and 
production practice. Since the problems presented to the petro- 
leum engineer are many and diverse, unusual versatility is neces- 
sary, which is promoted by knowledge of many scientific funda- 
mentals and applied engineering. 


FUNCTIONS OF THE PETROLEUM ENGINEER 


The graduate in petroleum engineering serves the oil industry 
in a manner comparable to the mining engineer in the mining 
industry. He should understand the principles of geology suf- 
ficiently well to solve production problems related to the oil 
reservoir. He may utilize geology further in connection with ex- 
ploitation work conducted by production. departments after the 
discovery well has been drilled under the direction of the geological 
department. The petroleum engineer should also have a basic 
training in the chemistry of hydrocarbons and the principles of 
hydrodynamics as applied to underground flow of fluids and means 
of lifting them to the surface. Although he may not be requested 
often to design new mechanical devices, yet he should have sufficient 
training in physics and mechanical engineering to select equipment 
intelligently and operate it economically and efficiently. 

Steel may be aptly termed the ‘‘backbone of the oil industry.’’ . 
The metallurgy of steel is perhaps one of the most important basic 
and usable sciences to be considered by the engineer contemplating 
a career in the oil industry. Training in this science is necessary 
to permit intelligent selection of those materials most resistant to 
fatigue and corrosion. The demands of deeper drilling and pump- 
ing require the selection of steels of higher physical properties 
eapable of withstanding fatigue and corrosion of all kinds. 

_The petroleum engineer should have training in water analysis 
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in order that he may cope with problems concerning oil field brines, 
such as their proper disposal and the prevention of damage to 
streams and property by pollution. He should understand proper 
methods of coring sands with all improved mechanical and elec- 
trical methods. He may be called upon to design casing strings 
for protection of oil bearing formations and exclusion of extraneous 
well water. The various methods of stimulating production such 
as shooting of wells, the acid treatment of limestone formations, 
reconditioning procedure, repressuring, and water flooding should 
be thoroughly understood and applied where practical. Other 
technical projects properly within the field of the petroleum engi- 
neer include: spacing of wells, investigation of new methods of 
lifting the oil, the design of transportation systems, extraction of 
gasoline from casing-head gas, the efficient production of pools and 
properties, and the measurement and transportation of natural gas. 


INDUSTRIAL REQUIREMENTS FOR THE PETROLEUM ENGINEER 


We often hear that such and such a company wishes to ‘‘train 
their own men.’’ Just what interpretation can we place on this 
expression? From the experience of the author in industry, it is 
evident that companies prefer that the colleges instruct the student 
in the fundamentals only, in so far as it is possible to do so. They 
prefer to apply the fundamentals to problems in the oil industry in 
accordance with their own methods. I am quite in sympathy with 
this procedure. Its strict application to the curriculum of petro- 
leum engineering may make changes desirable. However, if we 
adopt the expression too literally, training will be turned over to 
departments teaching the fundamental sciences. This indicates 
that there is need of application courses, particularly those offering 
the mathematical approach and drawing on fundamentals from all 
sources. However, too much description should be avoided. It is, 
of course, necessary to offer an elemental descriptive course of an 
introductory nature. Thereafter, the work should be truly engi- 
neering with the problems drawn freely from production practice. 
If the teaching of the application of basic sciences to specialized 
problems is contrary to industry’s preference of ‘‘training their 
own men,’’ then similar criticism can be laid at the door of other 
engineering branches, such as instruction in chemical engineering. 


ACADEMIC REQUIREMENTS FOR PETROLEUM ENGINEER 


A study of the careers of successful petroleum engineers demon- 
strates the necessity of aptitude for the work and the development 
of a personality that will wear well in the business where such a 
factor is of paramount importance. Much worth-while advice could 
be given the young student interested in becoming a petroleum 
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engineer from the aptitude and personality standpoint, with the 
result that misfits could be profitably directed to more promising 
fields, to the ultimate benefit of engineering schools, students, and 
prospective employers. Too few students realize their limitations 
and too little advice is given students concerning the possibility of 
their chosen work and the coédrdination of a program which would 
be to their ultimate profit. 

It has been stated by other engineering educators that the most 
outstanding academic requirement for the petroleum engineer is a 
thorough knowledge of English composition, to facilitate proper 
preparation of technical reports. Considerable difficulty has been 
recognized in the past because of the inability of engineers to speak 
or write concisely, clearly and correctly. Technical report writing 
is an art that many engineers have not conquered, but one of the 
greatest factors contributing to their advancement. Several years 
ago, a committee was formed to advise a department of petroleum 
engineering concerning what should be included in an engineering 
curriculum. This committee of prominent engineers in various 
industries made a careful study of curricula, and came to the con- 
clusion that more training was needed in the use of English, par- 
ticularly in the preparation of written reports. As Professor 
Walter G. Whitman, of the Massachusetts Institute of Technology, 
remarked : ‘‘The ability to express his views clearly and concisely 
is of paramount importance to the engineer. To do this he must 
have a competent grasp of the engineering problem involved and a 
capacity to so present the problem and his recommendations that 
others will be convinced of the soundness of his position. These 
two factors—professional competence and ability for expression— 
are interrelated and of nearly equivalent significance.’’ 

Likewise, the engineer is often handicapped by inadequate 
capacity for clear-cut speaking, both private and public. Few 
engineers are able to present a problem to their superiors appro- 
priately. Presentations at technical meetings are equally sugges- 
tive of lack of training. If the average engineer, including a con- 
siderable portion of the older ones, only realized the relatively small 
effort necessary for marked improvement in speaking ability, I am 
sure that the need of this paragraph would not be so pressing. 

The importance of the engineering investigation is usually meas- 
ured by companies in terms of money. From the commercial view- 
point, no project is worthy of recognition unless a profit is reason- 
ably assured. The economic viewpoint is, therefore, of paramount 
importance. The student should be trained to analyze statistics 
and facts carefully with proper emphasis on correlation, compari- 
son, and the involved conclusions and recommendations resulting 


therefrom. 
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ACADEMIC INSTRUCTION IN PETROLEUM ENGINEERING 


Recognizing the need for versatility on the part of the petroleum 
engineer and the probability that he will be called upon to meet 
problems involved in any of the engineering branches, the cur- 
ricula in petroleum engineering at the various universities and tech- 
nical schools have been designed to give fundamental training to 
meet this demand. Separate curricula are now offered by approxi- 
mately twelve institutions in the United States. 


Faculties 


The original faculties in these schools were recruited largely 
from the other branches of engineering, particularly those who had 
a practical understanding of geology in relation to production prob- 
lems. However, the graduates in petroleum engineering, particu- 
larly those who have had graduate work and practical experience 
in the oil and gas industry, are being included in increasing num- 
bers. A well balanced faculty should be such that practical ex- 
perience on the one hand and research experience on the other 
hand are duly represented. 


Entrance Requirements and General Course of Study 


Entrance qualifications are essentially those required by the 
other engineering branches with emphasis placed upon mathematics, 
physies and chemistry. 

Ordinarily, the first two years of the engineering course are de- 
voted to basic fundamentals with specialization during the last two 
years of the four year course of study. Attempts have been made 
to extend the four year course to five or six years. However, the 
four year course predominates at this time with some inclination 
towards the five year program. The ramifications of the oil busi- 
ness demands such versatility on the part of the young engineer 
that it is extremely difficult to provide all necessary fundamentals 
in the four year course of study. 


Vacation Courses and Coéperetive Plans 


Most schools of petroleum engineering recommend as much 
practical experience as possible to be gained during the summer 
vacations. In one instance a codperative plan with industry 
permits the students to alternate each three months between attend- 
ance in the class room and working in the oil fields. It is desirable 
to institute a summer field course for the benefit of those students 
not securing vacation employment. Such a course was given by 
the University of Texas for credit. Not only were the problems 
incident to drilling, production, transportation, and storage studied, 
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but the students lived in oil field camps and had an opportunity to 
observe and become acquainted with oil field employees—a most 
essential part of their education. Such experience is of particular 
value in facilitating a decision on the part of the young engineer 
as to whether or not he is fitted by aptitude for the work. 


Basic Courses 


Examination of the curricula offered in petroleum engineering 
throughout the United States reveals that considerable stress is 
placed upon the fundamental courses in mathematics, chemistry, 
physies, drawing, and English. Mathematics usually includes alge- 
bra, trigonometry, analytical geometry, and differential and in- 
tegral calculus. Courses in chemistry include: general inorganic 
chemistry, qualitative and quantitative analysis, organic chemistry, 
and physical chemistry. Courses in physics usually include me- 
chanies, electricity and magnetism, sound, light and heat. Consid- 
erable emphasis is placed on the courses in English, particularly 
those giving fundamental training in technical report writing. 
Plane surveying, theoretical and applied mechanics, and hydraulics 
are usually studied by the petroleum engineering student in the 
department of civil engineering. Courses in geology include gen- 
eral geology, mineralogy, petrography, structural geology, and field 
methods. General courses in applied thermodynamics, prime mov- 
ers, foundry, and machine shop, may be offered in the departments 
of mechanical engineering. A short course in alternating and di- 
rect current machinery is usually offered in the departments of 
electrical engineering. 


Applied Courses 


The specialized courses in petroleum engineering generally in- 
clude an introductory course which surveys the petroleum indus- 
try. This is followed by a descriptive course covering oil field 
development and production methods. A laboratory course gen- 
erally parallels the descriptive course. Finally, a specialized course 
is offered in oil field engineering with an auxiliary course devoted 
to design and detailed problems. Most schools of petroleum engi- 
neering offer courses in metering, transportation and utilization of 
natural gas and its products. The economical phases of the pe- 
troleum industry may be studied in special courses in management 
and valuation of oil properties, with some attention being given to 
the study of oil field accounting methods. The examination of cores 
and the determination of saturation, permeability, and other char- 
acteristics of reservoir rocks, is now considered routine in the 
laboratory courses. 
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Hence, it is apparent that the so-called ‘‘descriptive’’ courses 
offered in the specialized subjects should give way in a large meas- 
ure to training in the application of fundamental principles to pro- 
duction engineering. For example, training in core analysis, 
permeability, flow of oil-gas mixtures through sand, gas flow, meter- 
ing, distillation, and fundamentals of reservoir performance, are 
as basic to the petroleum engineer as mechanical separation, filter- 
ing, and drying are to the chemical engineer. A senior course and 
text for petroleum engineers might profitably be organized which 
would serve the same purpose as the senior course in chemical engi- 
neering does to the chemical engineer. Such a course would entail 
only sufficient description to tie the various chapters together, but 
would in no sense be construed as training in any particular com- 
pany’s methods, and might well be construed as ‘‘fundamental.’’ 
Fortunately, considerable thought is being given such matters in 
the petroleum engineering departments to-day. 


Graduate Work 


Ordinarily, the first, or B.S. degree, in petroleum engineering 
is designed to fit the students for commercial positions. Graduate 
work leading to the M.S. degree may help secure positions in re- 
search, both private and institutional. Preference is occasionally 
shown students with advanced degrees by some of the producing 
companies in view of the broader training in fundamentals and 
research methods. The better students should be encouraged to 
take graduate work, and might be rewarded for so-doing by a pref- 
erential choice of commercial positions open. 


Advanced and Special Courses 


More attention should be directed to the mathematical approach 
in the study of petroleum engineering problems. Ordinarily, cal- 
culus is finished in the sophomore year, and becomes a part of the 
dim past to some of the senior students. Advanced studies such 
as differential equations, graphical analysis, etc., should maintain 
the student’s interest in mathematics and help in the solution of 
practical problems. A junior or senior engineering course is often 
considered as ‘‘hard,’’ depending upon the stress placed on mathe- 
matics. Alignment charts, the use of logarithmic paper, and the 
plotting of test and operational results are seeemingly simple, but 
students sometimes experience difficulty with elemental concepts 
if they are not used often enough. It is evident that courses in 
prime movers, and alternating and direct current machinery, 
should be offered to the petroleum engineer. The field application 
is too obvious to warrant further comment. 
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Too much emphasis cannot be placed upon advanced courses in 
physics; physical, colloidal, and organic chemistry, especially in 
connection with graduate work. Advanced work in geology is 
recommended, including petrographical and paleontological meth- 
ods as applied to the examination of fragmental particles and drill 
cuttings. It frequently happens that certain problems may de- 
mand the services of specialists, such as the expert petrologist, 
metallurgist, physical chemist or mathematician. However, the 
petroleum engineer should have a sufficiently broad training to 
recognize the need for detailed study by a competent specialist. 
Also, the application of such detailed investigations or researches 
to the practical problems at hand are the responsibility of the pe- 
troleum engineer. 

Advanced practices may be profitably studied from current 
literature in the graduate courses. These courses should be flexible 
and adaptable to the newer phases of petroleum technology. <A 
modified seminar for graduate students may also be advisable, pro- 
vided adequate control is retained on the part of the instructors. 
Although research work for undergraduates is meritorious in some 
respects, particularly from the standpoint of research methods, 
such work is usually included in the graduate schools. 

In view of the increasing importance of proration and other 
matters at least partly controlled by state and national regulatory 
bodies, it has become necessary for the petroleum engineer to de- 
vote increased attention to a study of business law and economics. 
An understanding of the principles involved in the law of oil and 
gas is a general requirement of operators and engineers in the 
petroleum industry. Legal departments work closely with engi- 
neering departments. Technical evidence must be prepared in 
defense of drainage, damage, tax, and other suits at law. Many 
lawyers have acquired a working knowledge of the more important 
technical phases of the business. For full codperation, the engi- 
neer should have some training in legal matters. Perhaps his 
most important function in this respect is in connection with the 
duties of a technical witness. A knowledge of contracts is of par- 
ticular value in connection with leasing, drilling, construction or 
special sub-letting. The engineer employed with smaller organiza- 
tions may be called upon to participate in these matters in par- 
ticular, since his duties may cross departmental lines and be broader 
than would be the case with a large company. 

It is obvious that a thorough training in economics is essential 
fer the petroleum engineer. The general course in economics is 
not sufficient training. The specialized courses should develop the 
ability to analyze and compare costs. The preparation of esti- 
mates of probable profits and the analysis of actual costs involve 
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many problems in cost accounting. In view of the fact that a 
majority of engineering reports in commercial practice involve 
problems in applied economies, this subject is placed second to 
report writing in relative importance to the engineer. 

Petroleum engineers will be called upon to study operating ex- 
pense sheets and other divisions of the general company books. 
A short course in accounting is therefore deemed to be of value to 
the engineer, particularly is he expects to specialize in valuation 
matters. 


THE Future OF PETROLEUM ENGINEERING 


What of the future of petroleum engineering? The producing 
industry deals unmistakably with a ‘‘wasting asset.’’ Explora- 
tory methods have greatly increased the rate of discovering oil 
fields. When the flush fields go, secondary methods will be of more 
importance, but even secondary methods cannot be expected to pro- 
vide a source of oil indefinitely. However, we do know that substi- 
tutes for petroleum will make their appearance in over increasing 
quantities as petroleum reserves diminish. Will the petroleum 
engineer of the future be truly a mining engineer, exploiting oil 
and outcrops, sinking shafts to shallow low cost horizons, developing 
surface deposits, such as those of Athabasca, and perhaps mining 
and retorting the immense reserves of oil shale in Colorado and 
elsewhere? Or will the interests of the coal and petroleum indus- 
tries eventually merge, and the technique of the petroluem engi- 
neer give way to those of the mining engineer, or perhaps the 
chemical engineer, with his knowledge of polymerization and sy- 
thesis? Whatever the future has in store, should we not steer our 
ship in a course favorable to the welfare of those making a pro- 
fession of petroleum engineering? Most assuredly we do not want 
the ship to land ‘‘high and dry’’ with no port in sight. To me, an 
ever changing and flexible system is indicated for the future. The 
need for emphasis of fundamentals is of paramount importance. 
By concerted action, top-heavy enrollments should be reduced and 
kept within justifiable bounds. This statement may be extended 
reasonably to all branches of engineering. We should emphasize 
that the demand is principally for better than average men. If 
we can teach our students to be versatile and capable of coping 
with the changing order of events of the future, we will have kept 
our trust with youth, and, of no less importance, our trust with 
our own selves. 
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THE GEOLOGICAL ENGINEERING PROBLEM * 


By G. M. BUTLER 
Dean, College of Mines and Engineering, University of Arizona 


INTRODUCTORY 


Last year the E. C. P. D. Committee on Engineering Schools 
was requested to investigate for accrediting a number of curricula 
in geological engineering or engineering geology, and, also, several 
geological options of mining or petroleum engineering curricula. 
Since your speaker is a geologist and represents the A. I. M. E. 
on this Committee, it devolved largely on him to try to determine 
whether such curricula are truly engineering in nature and should 
be considered by the Committee. Correspondence and personal 
conferences with many geologists and mining engineers elicted 
such a variety of opinions that it was impossible to reach a conclu- 
sion that would be generally acceptable. Consequently, it was 
thought best to recommend few such curricula for accrediting and 
to give further consideration to the problem before deciding defi- 
nitely about the status of such courses. Although a great deal of 
thought was given to the matter, it is the personal opinion of your 
speaker that it is possible that none of them should have been ac- 
credited until the problem had been more thoroughly considered. 
It is hoped that, as a result of the discussions to which we shall 
listen here, some satisfactory decision may be reached. 


SATISFACTORY ENGINEERING CURRICULA 


Your speaker believes that the other members of the Commit- 
tee, as well as a large majority of other professional engineers, 
agree that a satisfactory four-year engineering curriculum must 
comprise the following elements: 

1. A strong foundation of work in drawing and descriptive 
geometry, mathematics, physics, and chemistry must be laid down 
during the first two years. Courses in shop practice and survey- 
ing should, also, be included in some curricula. 

2. During the last two years a super-structure must be erected 
on this foundation. In other words, a considerable proportion of 
the courses required then must be of such a nature that they can- 
not possibly be carried satisfactorily by a student who has not ac- 
quired a working knowledge of mathematics, including calculus, 

* Presented at the Conference on Mineral Technology at the 46th Annual 
Meeting, S. P. E. E., College Station, Texas, June 27-30, 1938. 
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and physics. Among the courses that should be included in the 
last two years (or, in some instances, even earlier if the entrance 
requirements are such as to permit it) are analytical mechanics, 
strength of materials, thermodynamics, and hydraulics. Many 
engineers would also include elements of structural or machine 
design and electrical engineering. There appears to exist no gen- 
eral agreement as what proportion of the work of the last two years 
should consist of such courses. 

3. It does not matter materially what other courses are required 
_ In the last two years as long as the conditions already set forth are 
met and as long as the work has a definite engineering objective. 
These courses will naturally vary with the branch of engineering 
that the student plans to follow and many of them will normally 
be closely related thereto. 

Persons who accept as true the statements made in the three 
preceding paragraphs contend that engineering is a quantitative, 
mathematical profession and that no curriculum can justly be 
called engineering unless it conforms to these minimum require- 
ments. Conversely they admit that any curriculum that does not 
conform to these requirements may be styled engineering. If all 
engineers agreed that the minimum standards set forth are proper 
and desirable ones, the problem would not be hard to solve, but, 
unfortunately, a considerable proportion of the mining engineers, 
at least, positively refuse to admit that it is necessary to build 
upon the mathematical and physical foundation laid in the first 
two years if a curriculum deserves to be called engineering. 

Director Wm. R. Chedsey, of the Missouri School of Mines and 
Metallurgy, wrote on May 12th of this year as follows: 


It seems to me there is getting to be quite a divergence of opinion as 
to an engineer’s function or the definition of an engineer. For the past 
twenty years I have been calling one who does work in which mathematies 
and physies are applied a technologist and have been reserving the term 
“engineer” for one who economically applies such work. That is, my 
definition of an engineer is one who economically puts to work the find- 
ings of science. Of course, it is my impression that to do this he must 
know his mathematics and physies, and, because I am interested in the 
mineral industries, naturally I include chemistry. 


Herbert Hoover in his book entitled ‘‘Principles of Mining”’ 
says: 


Engineering sense is that fine blend of honesty, ingenuity, and intui- 
tion which is a mental endowment apart from knowledge and experience. 
Its possession is the test of the real engineer. 


I doubt if any of us are disposed to question the validity of 
most of these statements although I do not believe that Director 
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Chedsey would insist that anyone who puts to work the findings of 
science is an engineer if he recollects that, if this definition is cor- 
rect, all Doctors of Medicines are engineers. 

Graduates of four-year engineering courses are admittedly not 
engineers. They have presumably received technological training 
that will enable them to become engineers after they have gained 
the requisite experience and if they possess some degree of honesty, 
ingenuity, and intuition. 

The point at issue is the amount of technological training that 
they should receive. Some persons apparently believe that ap- 
proximately two years is sufficient; others, and they constitute a 
large majority, say that more such training is essential and refuse 
to admit that any curriculum that includes only about two years 
of this technological training should or can properly be styled an 
engineering curriculum. This question of the amount of theo- 
retical and applied mathematics and physics that must be included 
in an engineering curriculum is the crux of the problem, but there 
is at least one other question to be settled. 


Wuat Is GEOLOGICAL ENGINEERING? 


If you should ask several competent instructors of electrical 
engineering, as an illustration, to outline satisfactory electrical 
engineering curricula, the results would differ only in detail; some 
would include more and some less of the humanities; some would 
allot more units to a certain subject and some less; some would 
leave out certain courses that others considered desirable; but the 
general pattern would be the same. Now what is the situation as 
regards geological engineering? Suppose we cite some examples. 

In the last two years of the curriculum offered at the Colorado 
School of Mines that leads to the degree of Geological Engineer, 
courses in physical chemistry, strength of materials, kinematics of 
machinery, thermodynamics, electrical engineering, engineering 
design, and elementary and advanced geophysics are required al- 
though some of these courses might be criticized as too brief. 
These subjects, which all have freshmen and sophomore mathemat- 
ies and physies as prerequisites, make up 29 per cent of the work 
of the junior and senior years. 

Besides courses in industrial organization, principles of eco- 
nomics, engineering English, contracts and specifications, advanced 
physics, interpretation of maps, and ten units of electives (which 
constitute 31 per cent of the work required in the last two years), 
the other required courses are all geological and they constitute 
40 per cent of the work of the junior and senior years. With the 
exception of mineral land and mine surveying, there is not a single 
mining course and no metallurgy or ore dressing in the curriculum. 
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Now let us consider the nature of the last two years of the 
geological engineering courses offered at the Montana School of 
Mines. Fifteen per cent of that curriculum is made up of physi- 
cal chemistry, analytical mechanics, and hydraulics, 42 per cent 
of geological subjects, and 16 per cent may be called miscellaneous, 
but in addition, mining, metallurgical, and ore dressing courses 
constitute 27 per cent of the curriculum. 

Lastly, suppose we consider the character of the junior and 
senior years of the geological engineering curriculum that contains 
the petroleum engineering sequence of courses that is offered at 
the institute ‘‘X.”’ 

It contains no advanced engineering subjects whatever—no 
analytical mechanics, no strength of materials, no hydraulics, no 
electrical engineering, and no thermodynamics. Fifty-three per 
cent of the work of the last two years is in geological subjects, 20 
per cent in petroleum technology, and 27 per cent in miscellaneous 
subjects and electives. 

Nearly all of the curricula in geological engineering offered in 
this country are more or less similar to one of the three just de- 
scribed. 

The Colorado School of Mines course might be considered geo- 
logical engineering proper, if there is such a branch of engineer- 
ing. The Montana School of Mines course should probably be 
considered an option of a mining engineering curriculum, and in- 
stitution ‘‘X’’ course is apparently of the type that should be re- 
garded as an option of a petroleum engineering curriculum al- 
though woefully weak in engineering subjects. The table that 
follows will make very clear the fundamental differences between 
the last two years of these three curricula: 


Colorado} Montana} ‘*X” 


Advanced engineering subjects generally recognized as 


Mining engineering, metallurgy, and ore dressing courses | — 27% — 
Petroleum or technological engineering subjects........ — _ 20% 


There is certainly more real difference between the last two 
years of these three curricula than there is between the last two 
years of nearly all mechanical and electrical engineering curricula. 
It is undeniable, then, that there is no unanimity of opinion about 
what a geological engineering student should study. There can- 
not, therefore, be any general agreement as to just what a geo- 
logical engineer is or should be. 
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Probably some of you may wonder why the curriculum offered 
at the Montana School of Mines was accredited when only 15 per 
cent of the work of the last two years consists of advanced general 
engineering subjects that are recognized as acceptable. That pro- 
portion is certainly very small and may be altogether too small 
even if larger than in many similar curricula. The reason is 
found in the 27 per cent of required courses in mining engineering, 
metallurgy, and ore dressing. 

If you ask how much advanced mathematics and physics are 
employed in these courses, your speaker can only confess ignor- 
ance. He did not inspect them. It is an undeniable fact, how- 
ever, that many such courses are largely or entirely descriptive 
and not quantitative. Mathematics and physics can be applied in 
some of these courses and they doubtless are so applied in some 
institutions, but the degree of possible application is certainly 
much less than in acceptable civil, electrical, and mechanical engi- 
neering courses. 

Whether such a curriculum, which as stated is essentially a 
geological option of a mining engineering course, should or should 
not be accredited depends upon the character of the mining course 
and the proportion of other subjects that involve a knowledge of 
advanced mathematics and physics that we are going to demand in 
the last two years. That some minimum proportion must be re- 
quired is the conviction of most engineers who have been consulted. 

Professor Thos. T. Read of Columbia University wrote as fol- 
lows to Director Chedsey on April 27th of this year: 


They (the members of the Committee on Engineering Schools) were 
set up to accredit engineering curricula and held firmly to the belief that 
a curriculum called engineering, of whatever specialty, must have a mini- 
mum content of engineering in it—What we need is to get a more gen- 
eral agreement than exists at present on the minimum content of an engi- 
neering curriculum, and more specifically on the minimum engineering 
content of the curricula called either geological engineering or engineering 
geology.—My own idea is that a man is not an engineer unless he can 
design whatever his field calls for. 


Some GENERAL REMARKS 


Your speaker is convinced that the words ‘‘engineer’’ and ‘‘en- 
gineering’’ have been used far too indiscriminately. Board of 
Engineering Registration must frequently prevent plumbers from 
calling themselves ‘‘Sanitary Engineers,’’ nurserymen from using 
the title ‘‘Landscape Engineers,’’ ete. Apparently some educators 
have adopted this unfortunate and undesirable practice. Certainly 
the members of the Committee on Engineering Schools are un- 
animous in believing that some of the curricula offered for accredit- 
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ing are not engineering and should never have been called engineer- 
ing, and your speaker is not now referring to geological engineering 
curricula. He does strongly deplore the tendency to misuse the 
title of our profession and believes that, if this profession is ever 
to gain the public recognition that it deserves, this debasement of 
its name must cease. He is, also, hopeful that due consideration 
of the problem and its implications will cause the gentlemen who 
now administer some courses that are now called geological engi- 
neering or some similar title to re-name them and thus to uphold 
the dignity and solidarity of the profession of engineering. 

It has been claimed that some of the geological engineering 
courses are properly named because they train men for just as im- 
portant a part in the development of our mineral industries as 
do mining engineering courses. Any reasonable man will readily 
admit that it is an important part of mineral industries’ education 
to train persons to locate deposits of valuable substances that are 
hidden within the earth, but there seems to be absolutely no neces- 
sity or reason why such persons should be called engineers. ‘‘Geol- 
ogists’’ would certainly seem to be an entirely proper and adequate 
term for them no matter whether they have or have not studied 
caleulus. 

As a geologist, your speaker is forced to admit that geology 
is not engineering and is not even an exact, mathematical science. 
He is aware of the fact that caleulus and advanced physics are 
used by research workers in attempting to solve some of its prob- 
lems, but he ventures to claim that there are few if any geological 
courses taught to juniors or seniors in this country that cannot be 
handled ereditably by a student who knows no mathematics beyond 
trigonometry. 

As for physics, a student must, of course, have some knowledge 
of the laws of light before he can profitably study micro-mineral- 
ogy, but the few necessary laws are almost invariably taught as an 
introduction to such a course. 

Frankly, your speaker seriously questions the desirability of 
requiring students of such curricula as that offered at Institution 
**X’’ to study analytical geometry and caleulus. He doubts if any 
of the graduates of such courses ever use the knowledge of higher 
mathematics gained, and he is strongly inclined to believe that 
the time devoted to these subjects might better be used for some 
other purpose, such as for more training in the humanities. 

Of course, many engineering graduates never use analytical 
geometry or calculus, and that is particularly true of mining engi- 
neers, but a considerable proportion of them do make use of their 
training in these subjects, and none of them can be sure as a 
student that he will not need that knowledge, so it must be im- 
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parted to all of them. As engineering advances, thorough train- 
ing in mathematics and physics becomes increasingly necessary. 

It seems hardly necessary to point out that good courses in 
electrical, gravitational, and seismic geophysics demand a thorough 
knowledge of advanced mathematics and physics and are as truly 
engineering applications of these subjects as is electronics. This 
fact must be kept in mind when evaluating geological engineering 
courses. 

Finally, it must be clearly understood that the Committee has 
never ventured to question the desirability and usefulness of any 
curriculum that it has refused to accredit. An unaccredited cur- 
riculum may prepare the students who take it to meet a real de- 
mand; the mineral industries may absorb its graduates in large 
numbers; it may be highly desirable to continue to offer it; but the 
adverse decision was reached because the Committee was convinced 
that the curriculum was deficient in engineering content and should 
not be labeled engineering. It must be remembered, further, that 
failure to accredit may have been based on other factors than course 
content. It is very doubtful whether anything said here will cause 
the members of the Committee to adopt a different attitude. Our 
task would seem to be to try to reach some agreement as to ap- 
proximately the minimum of work that the majority of engineers 
believe to be truly engineering in nature that must be required in 
the last two years of a course in order to make it an engineering 
curriculum, and then to try to obtain general acceptance of the 
minimum standards thus set up. If we can reach an agreement 
that will be satisfactory to the members of the Committee and the 
majority of engineers, it will then be necessary for us to see that our 
curricula conform to these minimum requirements, or, if it seems 
undesirable to us to do that, to cease to call these courses enginer- 
ing curricula. 

Discussion 


Thomas T. Reed, Columbia University (written discussion) : 
Some of the misunderstanding over the accrediting of geological 
curricula in engineering schools can justly be attributed to State 
Licensing Boards which, in some cases at least, do not seem to 


understand clearly the distinction between geological work and - 


engineering work. I know of one case where a geologist working 
for a municipal water supply project was required to secure a 
license as a professional engineer in that State, though he was not 
an engineer and did not claim to be one. Obviously there is no 
more reason why a geologist doing consulting work in connection 
with an engineering project should be required to register as a 
professional engineer than there is for requiring a doctor of medi- 
cine to register as a professional engineer in order to give con- 
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sulting advice on the health aspects of a water-supply project. It 
is not only illogical, but it discredits the licensing system, for one 
wonders how a geologist who does not claim to be an engineer could 
obtain a license as one. 

Some of the misunderstanding derives, however, from the grad- 
ual development of geological instruction, some of it along lines 
closely affiliated with engineering and some of it with no relation to 
engineering. My own University, for example, had no professor 
of geology before its School of Mines was established, and for a 
long time all the geology taught here was that in the School of 
Mines. With the gradual growth of the geology department it 
continually expanded in the field of pure science. The great 
majority of the students who now take work, undergraduate or 
graduate, in the geology department are interested in geology as a 
pure science. Such. great geological fields as paleontology and 
physiography have almost no connection with engineering; what 
little they have might be described as a consulting relationship. 
One might say, indeed, that geology as a whole is merely a basic 
science for engineering, and only a relatively small part of the 
science has any application in engmeering work. 

In those schools where engineering students who have had a 
minimum requirement of basic engineering instruction are allowed 
to major in geology (in its applications to engineering) in their 
senior year it is proper that the B.S. degree which they receive 
on the completion of their course should be recognized as an engi- 
neering degree. But where the student has pursued a general B.S. 
course, merely specializing in the application of geology to engi- 
neering, without having taken all the basic requirements of an 
engineering course he should not expect recognition as an engineer. 
The former is a geological engineer, the latter an engineering 
geologist. The distinction between them should be as plain as that 
between buttered toast and toasted butter. 

It is natural that any geology department in an engineering 
school should seek to develop its work in the field of pure science. 
But a curriculum offered covering that part of the science which is 
applicable to problems that arise in engineering work is not an engi- 
neering curriculum, and should not be so accredited, unless it also 
contains the basic minimum requirements of an engineering cur- 
riculum. 

Frank F. Grout: This paper covers two matters that may well 
be further elaborated, (1) the definitions of engineering and tech- 
nology, and (2) the content of the last two years of a college course 
which may properly lead to a degree of Bachelor in Engineering. 

(1) The discussion of definitions is a dangerous one, as it is 
likely to degenerate into quibbling and lead to no end. By appeal 
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to a dictionary one may find a basis for objection to certain phrases 
in Dean Butler’s remarks, but as a matter of fact the dictionary 
no doubt includes popular usage rather than strict technical usage ; 
and no better basis is likely to.be found for strict technical usage 
than the opinion of some committee of engineers. Granting all 
this, it is noteworthy that Dean Butler refers to the four year 
courses in most of our engineering colleges as giving only ‘‘tech- 
nological’’ training which may enable the students to become engi- 
neers in later years. If that is true the courses in the sciences may 
be just as truly technological as those particular courses listed by 
Dean Butler, mechanics, strength of materials, thermodynamics, 
hydraulics, and machine design. Technology is defined as ‘‘in- 
dustrial science’’ with examples including the important industries, 
spinning, weaving, metallurgy, brewing. Clearly under the head 
of industrial science are the courses in economic geology, applied 
petrography, ore deposits, metallurgy, metallography, petroleum 
engineering, and others which Dean Butler questions. Clearly 
also a man who has such technological training in sciences may in 
a few years become such an engineer as specified in Dean Butler’s 
quotation from Prof. T. T. Read—one who ‘‘can design whatever 
his field calls for.’’ 

(2) The other problem is that of specifying a minimum of 
courses based on prerequisite calculus and physics, to be required 
in all courses accredited as suitable for a degree of Bachelor of 
Engineering. Probably the courses in mechanics, strength of ma- 
terials, thermodynamics, and machine design may be approved by a 
large majority of engineers. Hydraulics and electrical engineering 
are more specialized and might well be made optional with other 
special lines of engineering. 

More important than the matter of actual selection are the ques- 
tions of decision, and of administration of the decision. Possibly 
the E. C. P. D. should take time to study the matter and decide 
what courses and how many hours constitute a minimum; possibly 
it should be the S. P. E. E. itself; but I am quite certain that 
authority in such matters should not be delegated to a small com- 
mittee composed of members each of whom has probably a spe- 


cialized field and point of view. If a committee studies it, they. 


should report to the larger group for decision before applying the 
decision. 

And again, the decision as to whether or not a curriculum con- 
forms to the minimum requirements, should not be made wholly on 
the names of courses offered; but in cases of doubt the men who 
teach the courses should be given a hearing before adverse decisions 
are made. It may be that this will make the administration of the 
ruling almost impossible, but whether it is or not, those who make 
the decisions should realize that no other way is fair and just. 
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UNDERGRADUATE THESES AS A MEANS OF DEVEL- 
OPING RESEARCH INITIATIVE AMONG 
FACULTY AND STUDENTS * 


By WARREN RAEDER 
Associate Professor of Civil Engineering, University of Colorado 


The undergraduate thesis presents an opportunity for devel- 
oping research initiative in a student which exists in seareely any 
other part of his curriculum. The nature of practically all of his 
other work is such that a true research attitude is rarely stimulated. 
I am using the term ‘‘research’’ in the sense that it implies delving 
into a study of phenomena, the exact nature of which has not yet 
been so thoroughly established that, like accepted laws of physics 
and chemistry, they are readily available in text-books or other 
engineering literature. 

From this point of view the undergraduate curriculum does 
not stimulate research initiative because the student’s work is pre- 
scribed for him. His plates in mechanical drawing, his subject 
matter and problems assigned in mechanics and mathematics, even 
the problems of design of structures in his senior year are all deter- 
mined by others. To use a popular and much abused term, he may 
be said to be regimented along avenues of learning which experi- 
enced teachers believe will give him the best engineering education 
in the allotted time of four years. 

The undergraduate thesis, then, becomes his big opportunity to 
do something on his own responsibility. Here it is necessary for 
him to visualize his problem, define its limits, collect his data 
diligently and accurately and from them draw a logical conclusion. 
He must, finally, present his work in an orderly and approved sci- 
entific manner. And he must do these things to a great extent on 
his own initiative. 

At the University of California some years ago the question 
arose in the Civil Engineering department of abandoning the 
undergraduate thesis. To get the views of former students them- 
selves, numerous practicing engineering alumni were contacted. 
Almost without exception the answer was that the thesis should be 
retained. The strongest argument of these engineers was that 
the thesis offered the student his best opportunity to use his in- 


* Presented at Joint Conference on Engineering Research, Civil Engi- 
neering, and Mechanics, 8S. P. E. E., College Station, Texas, June 28, 1938. 
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itiative and solve his problem according to his own ideas. There 
is a ‘‘thrill’’ in the achievement of an objective of this kind which 
a student needs. It is probably more important to experience this 
thrill than to experience the satisfaction of receiving a good grade 
in one more prescribed course. 

These remarks are not meant to imply that all undergraduate 
students should be required to write a thesis. There are several 
factors which would seem to rule against such a program. Not all 
students are temperamentally fitted to gain the benefits that should 
accrue from the time and effort involved ; moreover, if the research 
is carried out in the laboratory, then the additional cost and in- 
convenience of using or tying up physical equipment are factors 
to be considered. After all the degree of the ‘‘development of 
research initiative’’ varies with the students’ personal response and 
there is little point to ringing a door bell when there is no one at 
home. 

The student, of course, does get the opportunity of testing re- 
search procedure in his laboratory courses where he is left to his 
own devices, at least to a limited extent, in demonstrating certain 
physical facts or in working out designs of structures. Such op- 
portunity occurs in courses in physics, chemistry, materials testing 
and in design. Although not true research such work may be 
sufficient to develop a spirit of ‘‘diligent and protracted inquiry”’ 
in students who could not benefit adequately from more intense 
research problems. 

At the University of Colorado the requirement of a thesis was 
dropped from the curriculum many years ago. At the present 
time, the four major engineering branches, civil, electrical, me- 
chanical, and chemical, have student chapters of their national 
societies and at their meetings (or in a seminar course) students 
present one or more papers on subjects which they may choose 
themselves. The presentation of these reports offers some oppor- 
tunity for that development of initiative and originality which the 
thesis contemplates. 

I have no illusions about the intrinsic merit of research carried 
on by undergraduate students. Perhaps, as never before, research 


to be of value requires not only adaptability and enthusiasm but. 


a thorough knowledge of the field up to its present limits. How 
can we expect a student with three or three and one-half years of 
undergraduate work to delve into uncharted fields and uncover 
new truths? 

Nevertheless the experience of the University of Colorado is in- 
teresting. The department of Electrical Engineering offers seniors 
a two-hour laboratory course called ‘‘Experimental Electrical En- 
gineering.’’ This appears in the catalog as an elective, possibly 
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because the instructor elects those seniors who in his opinion have 
the proper qualifications to handle the work expected of them. 
During the years 1931 to 1935 papers of students enrolled in this 
course which were submitted in the national student contest super- 
vised by the American Institute of Electrical Engineers received 
four first prizes, one second, and one honorable mention. A paper 
entered in this contest is judged (along with other items) 30 per 
cent for ‘‘value in its field’? and 30 per cent for ‘‘value to elec- 
trical engineering.’’ Many of these papers were published in the 
Journal of the A. I. E. E. 

Of course, to attain such results or in general, to make under- 
graduate theses at all worth while it is necessary that they have 
close faculty supervision. In the instance of the electrical engi- 
neering papers mentioned above, two students usually worked to- 
gether on a problem and in only one case were they turned loose 
without rather close supervision. 

The teacher under whose guidance the work is being done must 
furnish the necessary background, suggest the limits of the prob- 
lem and, in general, exercise that supervision which will bring good 
results without undue loss of time and effort. This is, however, 
time-consuming for the faculty. At a university where an in- 
structor has a teaching load of from twelve to seventeen hours, 
obviously it is physically impossible for him to supervise even two 
or three theses adequately. This factor of the additional burden 
on the faculty is of major importance since under such circum- 
stances either the teaching or the theses will suffer. I suspect that 
one reason for the elimination of the theses from curricula is the 
fact that teaching staffs could not properly administer them. 

The above discussion considers the value of the thesis as an 
incentive to research among students. What about the faculty? 
In the case of those members of the faculty who are interested in 
research and engage in it there is no need for a stimulus. For 
such workers, student research can be of great assistance in recon- 
naissance, establishing boundaries of a problem and sometimes in 
the major investigation itself. 

For that larger group not engaged in research, the undergrad- 
uate thesis may frequently furnish that tangible incentive needed 
to initiate a program of investigation. For the young teacher some 
research, of course, is very desirable. For the more mature man 
laboratory work tends to encourage alertness, greater sympathy for 
and receptivity to new ideas and developments. A teacher must 
in some way build up‘a resistance to the growth of mental silicosis. 
Research offers such an opportunity. 
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THE UNDERGRADUATE THESIS AND RESEARCH * 


By GEORGE C. ERNST 
Assistant Professor of Civil Engineering, University of Maryland 


This paper is a brief perspective of (a) the undergraduate 
thesis, and (b) engineering research in educational institutions. 


THE UNDERGRADUATE THESIS 


Papers and discussions tf from 1893 through 1913 in the Pro- 
ceedings of the Society reveal that the majority of engineering edu- 
cators felt the undergraduate thesis to be an essential portion of 
the curriculum. Such papers were rather frequent from 1893 to 
1901 with renewed interest shown in 1912 and 1913, although the 
effectiveness of the undergraduate thesis was questioned by some. 
Since 1913 no marked interest in discussing the subject has been 
apparent through the medium of the proceedings. It seems justi- 
fied, therefore, to obtain an estimate of the number of institutions 
offering the undergraduate thesis at the present time. Such an 
estimate should indicate the proportion likely to be interested in 
the use of research in this connection. 

In order to obtain the information desired, the 1937-1938 cata- 
logues which were available for 122 United States institutions ¢ 
were reviewed for the purpose of separating the curriculums in 
civil, mechanical, electrical, and chemical engineering,§ into those 
in which the undergraduate thesis was (a) required, (b) elec- 
tive, (c) elective with special consent of the dean or depart- 
ment head, and (d) not offered. The results were tabulated with 
respect to (a) senior enrollment (not separated into the various 
departments) 1937-1938, || (b) type of financial support (private, 
public, denominational) and (c) accrediting by regional asso- 
ciations.** 


* Presented at Joint Conference on Engineering Research, Civil Engineer- 


ing, and Mechanics, 8. P. E. E., College Station, Texas, June 27-30, 1938. 

t Papers and discussions on the subject are listed in the bibliography. 

¢ The institutions were taken from those listed in the JouRNAL for De- 
cember, 1937, pp. 341-347. 

§ 47 of the 122 institutions did not have uniform requirements for all de- 
partments. e 

|| See footnote ft. 

] This information was obtained from the Educational Directory of the 
United States Department of Interior, Part II, Bulletin 1937, No. 1. 

_ ** See footnote 7. 
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While recognizing the danger of attempting to draw conclu- 
sions from such a tabulation, the results seem to show several rather 
definite indications. Certainly no marked difference is shown 
by the size of institution (Table 1), if it is assumed that those hav- 


TABLE 1 
_ S1zE oF INSTITUTION AND THESIS REQUIREMENTS 


C.E. M.E. E.E. Ch.E. 
Senior Thesis 
a Institutions grouped according to total senior enrollment in the ranges shown 
as stati 
catalog 
Not offered..... 40 13601] 4112501] 3914611] 2312 500/40 
Elective with 
special consent|} 6 2000 8 5 2000 7 43000 42000] 6 
Elective........ 12 6210] 5220/ 5310] 21 7 2120/12 
Required....... 19 6231] 31]/ 14 8321] 28]/}17 4121] 8412/30 
‘ 120 113 114 88 


ing an excess of 300 seniors are too few to be representative. The 
tabulation also indicates that the greater number of departments 
have omitted the thesis from undergraduate work. The ratio of 
those not offering to those requiring (approximately equal to 2) 
is about the same for civil, mechanical, and electrical, but is not as 
high for chemical. Out of a total of 334 departments definitely 
committed to one side or the other, 220 did not offer thesis work, 
while 114 required it. 


TABLE 2 
Type or FinancriaL Support vs. THEsIs REQUIREMENTS 
C.E. M.E. E.E. Ch.E. 
Institutions grouped according to type of financial support shown 
Senior Thesis 
juirement 
catalog & & & 
Not offered... .. 36 11571) 33 11681] 35115100] 23 11060) 40 
Elective with 
special consent|} 50 210 40 210 30 3810] 7 30 300] 6 
Elective 122 610/ 132 310] 142 5 00] 100 200/12 
1401160/ 1301140] 28/}11010 40] 25}| 150 1320/30 
120 113 114 88 
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In the public institutions (Table 2) approximately 30 per cent 
of the departments require the thesis as compared with 45 per 
cent for the private institutions. Similarly, the regional classifi- 
cation (Table 3) shows the following percentages requiring the 


TABLE 3 
REGIONAL ACCREDITING vs. THESIS REQUIREMENTS. 


C.E. M.E. E.E. Ch.E. 
: : Institutions grouped according to regional accrediting as shown 
Senior Thesis 
Requirement 
|| 2 E22 ESE 
S 
Not offered... .. 21121141 31221151] 52]; 3 822181] 1 914112] 37 
Elective with 
special consent||1 1 3 20 01410 23 10 13 10) 5 
Elective........ 21 349 12] 5 8 13 217 
298: 72 19 9 34] 26)}210 8 22 21110 30 


Note: All Institutions tabulated in Table 1 and 2 are not accredited by regional associations. 


thesis in the various sections, Southern—21 per cent, North Cen- 
tral—31 per cent, New England—45 per cent, Middle States—49 
per cent, and Northwest—71 per cent. 

It is to be noted that in the new department of chemical engi- 
neering the number requiring the thesis exceed those not offering 
it in the private institutions and in the New England, Middle 
States, and Northwest regional groups. 

Such then is the present status of the undergraduate thesis, with 
114 departments definitely requiring it out of the total of 435 
which were investigated. 


ENGINEERING RESEARCH 


The early (1893-1904) attitude toward undergraduate research 
was quite different from that of the thesis, at least as recorded in 
the Proceedings of the Society. While the thesis was practically 
a universal feature of the curriculum, opinion as to the value of 
undergraduate research appeared to be equally divided up to 1904. 
The Proceedings do not offer material partic-ilarly pertinent to the 
subject from 1904 through 1915. <A reviva: of interest in research 
was apparent about 1916 followed by an increasing recognition of 
its value up to the present time. Outstanding papers on the func- 
tion, organization, and value of engineering research are those of A 
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N. Talbot, University of Illinois, in 1904 and 1932, A. E. White, Uni- 
versity of Michigan, in 1920 and 1931, and the Report on Engi- 
neering Research made in 1935. 

The stand taken since 1916 has been clearly and definitely 
toward the improvement of the personnel, equipment, and organi- 
zation of engineering research. At no time does there appear to 
be a desire, on the part of those intimately acquainted with the 
problems of institutional research, to use the undergraduate ex- 
cepting when necessary due to lack of other facilities. 

Many institutions do an unusually creditable job in developing 
the ‘‘method of research’’ and the facility for ‘‘original think- 
ing’’ on the part of the undergraduate by means of properly con- 
ducted professional seminars combined with courses in technical 
or report writing. The seminars review and discuss current maga- 
zines, past researches, and research methods while the course in 
report writing develops the proper method of report or thesis or- 
ganization. It must be recognized, of course, that such an ar- 
rangement must be handled by an experienced instructor having 
a thorough knowledge of engineering literature. 

With regard to the effect of research upon the staff member it 
has been generally admitted that much is gained, both in spirit 
and knowledge, providing there is sufficient (a) time, (b) money, 
(c) personal desire, and (d) previous research training. 


SuMMARY 


In summarizing, it appears that, (1) a minority would be con- 
cerned with the problem of undergraduate research, (2) for im- 
provement of institutional research, the use of undergraduates 
should be definitely discouraged, and (3) for the improvement of 
the undergraduate, adequate courses can be made to supply the 
function of research. 
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1897, Vol. V, p. 312—Graduation Thesis: Their Preparation, Form and 
Preservation—Baker. 

1897, Vol. V, p. 320—Discussion by Kidwell, Caldwell, Mees, R. C. Car- 
penter, Johnson, Bull, Flather, Eddy, Wernicke. 

1898, Vol. VI, p. 37—The Class-room and the Laboratory in their Mu- 
tual Adjustment to the End of the Most Efficient Instruction—Lanza. 

1898, Vol. VI, p. 43—Discussion by J. B. Johnson, Flather, Hibbard, 
Flether, Swain, Hollis, Lanza. 


. 1898, Vol. VI, p. 74—Undergraduate Thesis Work—Edgar Marburg. 
. 1898, Vol. VI, p. 88—Discussion by L. J. Johnson, J. P. Jackson, F. H. 


Robinson, Gray, and Marburg. 


. 1900, Vol. VIII, p. 235—Original Investigations by Engineering Schools 


a Duty to the Publie and to the Profession—Anson Marston. 


- 1900, Vol. VIII, p. 244—Discussion by Gray. 
. 1901, Vol. IX, p. 89—How the Graduation Thesis can be Made Most 


Effective in College Training—William M. Towle. 


1. 1901, Vol. IX, p. 89—Discussion. 
. 1904, Vol. XII, p. 75—The Extension of Engineering Investigational 


Work by Engineering Schools—A. N. Talbot. 


- 1904, Vol. XII, p. 80—Discussion. 
. 1912, Vol. XX,(Part II) p. 220—Thesis Work in the Hydraulic Labora- 


tory—Porter. 


. 1913, Vol. XXI, p. 129—Thesis Directions for Students, with List of 


Mechanical Engineering Topics—H. Wade Hibbard. 


. 1913, Vol. XXI, p. 164—Discussion. 
. 1913, Vol. XXI, p. 169—Civil Engineering Thesis—C. E. Sherman. 
. 1916, Vol. XXIV, p. 284—Research as an Element of the Growth and 


Progress of the School—P. F. Walker. 


- 1916, Vol. XXIV, p. 290—Discussion. 
. 1920, Vol. XXVIII, p. 245—Engineering Research—A. E. White. 
. 1924, Vol. XXXII, p. 571—Engineering Research as an Aid to Geod 


Teaching—A. A. Potter. 


. 1929, Vol. XXXVII, p. 968—Relation of Research to Graduate and Un- 


dergraduate Instruction in Engineering—L. 8. O’Bannon. 


. 1931, Vol. XXXIX, p. 348—Function of Research in Engineering Educa- 


tion—D. C. Jackson. 


. 1931, Vol. XXXIX, p. 311—Sanitary Engineering and Research at the 


University of North Carolina—Thorndike Saville. 


. 1931, Vol. XXXIX, p. 98—Administration of Engineering Research Ac- 


tivities—A. E. White. 


. 1931, Vol. XXXIX, p. 90—Co-operative Engineering Research—A. A. Pot- 


ter. 


. 1932, Vol. XL, p. 102—Increasing Importance of Research in Engineer- 


ing Education—C. E. Magnusson. 


. 1932, Vol. XL, p. 105—Relationship of Engineering Research in Engineer- 


ing Education—A. N. Talbot. 
1932, Vol. XL, p. 67—Research in Engineering Colleges—R. A. Seaton. 
1932, Vol. XL, p. 113—Ways and Means of Stimulating Research in En- 
gineering Colleges and Appraising its Value—H. V. Carpenter. 
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41. 1933, Vol. XLI, p. 698—Undergraduate Research in Engineering—R. C. 
Ernst. 

42. 1933, Vol. XLI, p. 476—Research, an Adjunct to Teaching—James Aston. 

43. 1934, Vol. XLII, p. 285—Student Research and the Four-Year Curricu- 
lum—T. H. Morgan. 

44, 1935, Vol. XLIII, p. 356—Report on Engineering Research. 

JourRNAL P. E. E. 

45. 1936, October, p. 97—Establishment of Centers of Specialized Research— 
F. T. Mavis. 

46. 1937, March, p. 484—Conference on Engineering Research. 
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ON ENCOURAGING YOUNG INSTRUCTORS TO DO 
RESEARCH WORK IN MECHANICS * 


2. OFT 
Chairman, Department of Mechanics, The Ohio State University 


This topic was assigned to your speaker in the form of the ques- 
tion: ‘‘Should Teachers of Mechanics be Encouraged to Develop 
a Genuine and Absorbing Research Interest?’’ Stated in this 
form there is no unequivocal answer, like ‘‘yes’’ or ‘‘no,’’ so much 
being dependent upon the temperament and talents of the indi- 
vidual. 

Let us assume now that we are discussing the real teacher of 
mechanics, that is, the one who is effective because of his interest 
in the subject, and who is inspired and inspiring because of his 
belief in the enduring value of a mastery of the elements of this 
subject by his students. This phrase may strike some of you as be- 
ing merely a pleasant platitude, but few of you will have to search 
your memories very carefully to recall the students who took me- 
chanics more or less under protest as one of the many things neces- 
sary to be endured to reach the goal of graduation in engineering. 
This is the sort of student who can often be re-awakened by a really 
effective teacher of mechanics, made to see the beauty and simplicity 
of the underlying principles, and generally imbued with a new 
intellectual curiosity. He can then be held to a decent standard 
of accomplishment and led to a more objective viewpoint regarding 
his own successes and failures. 

There are in general three reasons why a teacher should engage 
in research : 


(a) The possibility that he may add a small but valuable contri- 
bution to the knowledge of his field. 

(b) The possibility that he may make himself better known and 
recognized in the field and thus advance himself in rank . 
and pay. 

(c) For the good of his soul. 

It requires only a rudimentary conception of ethics to make it ap- 


parent that the second of these, while not inherently bad, does not 
quite rank with the other two in praiseworthiness. 


* Presented at Joint Conference on Engineering Research, Civil Engi- 
neering, and Mechanics, 8. P. E. E., College Station, Texas, June 27-30, 1938. 
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If any one of us managed to get through his undergraduate 
career without having taken a course under some instructor who 
was so totally wrapped up in research that he had no time to 
prepare for a clear, accurate and interesting presentation of his 
subject to his classes, he may indeed count himself fortunate. 
When an instructor is found to be in this particular habit of mind, 
the chances are rather large that he is motivated by this second 
reason for research. I would here commend a reading or a reread- 
ing of the excellent short article by A. J. McGaw in the April, 1938, 
issue of the JourNAL on ‘‘Teaching Versus Research.’’ In this 
article the case against an all-absorbing interest in research is 
clearly stated and ably argued, and with this let us pass over reason 
(b) as being outside the scope of the present discussion. 

Reason (a) is, on all counts, a good and commendable one. 
What a fine world it would be if everyone who lived in it left at 
least one shining jewel of additional knowledge to be passed on to 
posterity. On the other hand, what a master mind it would re- 
quire to know and appreciate all the jewels! Nevertheless, there 
is always this hope and possibility, and it is by just such small 
contributions that our structure of science has been built up. It 
is not now so urgent a motive as it once was. The boundary line 
of knowledge is farther out, it takes longer to reach it, and the 
line of supply becomes more tenuous. But it is still within reason 
that every teacher of mechanics can reach the front at least in 
some sector, and take part in the advance. At least, in the effort 
to reach the front line, the instructor is certain to improve his 
education and broaden his outlook. 

The world has finally become well convinced that research is a 
valuable, even necessary, factor in our modern economic life. On 
this point the teachers of science, including mechanics, have def- 
initely won a victory. We have, by this method, given the world 
things of so much value and met so many pressing needs, that 
industry and business have begun to support the work even to the 
extent of moving it into their own houses. We could well rest on 


our laurels, but I think we shall not do this, but rather turn our © 


attention to things which are a little less pressing and which these 
new agencies are too likely to overlook. Fortunately, we need no 
longer press forward in wasteful haste, but may proceed more 
carefully, leisurely and confidently, so that our work may be more 
polished and more valuable. 

Finally, let us consider reason (c). It may be conceivable that 
an instructor can be so enthusiastic about his work and so jnter- 
ested in his students as promising material for the building of a 
better world, that he can, with only enough knowledge of his sub- 
ject to give the undergraduate those elementary things which he 
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must know, continue to teach without himself becoming useless, 
stale, unprofitable and uninspiring. I think the probability of 
anyone’s doing this is negligibly small. My memory recalls only 
one man of this kind, and I think even he, at times, could have 
been convicted of knowing just a little more than he taught. Sim- 
ply stated, the thesis is this: If a teacher overdoes research work, 
he is almost sure to neglect his teaching work and become ineffec- 
tive. If he neglects his research and study, he becomes an unin- 
spiring and deadening guide for the first stages of the journey, 
and leaves the student more than willing to stop at the place to 
which he has been led. For the good of his soul, a teacher, even 
a born teacher, must develop some interest in research. I should 
be willing to have him drop it at any stage to turn his hand to 
some work for practical experience, with the belief that he will 
always return to research in due time. I have heard it stated as 
an axiom that once a man ceases to do research work he will never 
return to it. I believe this is simply not true, although it often 
turns out that pressure of administrative duties, heavy teaching 
loads, and too many assignments to committee work delay the 
fruition of research projects for many years. 

Before closing, I should like to suggest some ways of encourag- 
ing younger teachers of mechanics to become interested in research. 
There should always be something, however informal, in every de- 
partment of mechanics in the nature of a seminar. It may be 
merely the informal meeting in an office after the day’s teaching is 
over, or after a season of examinations, where the work of the 
students may be discussed and compared. In addition to bringing 
out points which lead to better teaching, such discussions can 
always be led into what is known and what is unknown, and sug- 
gestions can be thrown out for further study. Such informal con- 
ferences start young teachers thinking. Jam their heads as full 
as possible with ideas and questions and they will eventually erupt 
in a desire to find out. 

Always there should be some kind of shop available to the 

‘teacher for puttering around. The time when research could be 
done with a tack and a string may have passed, and precision in- 
struments may be the order of the day, but it is still surprising - 
what can be done with two tacks and three strings rigged up in 
the form of a model. Apparatus is costly, fine apparatus especially 
so; but most of it is permanent, and a mechanics department can, 
with time and patience and careful selection, assemble a valuable 
end useful collection of equipment, which is likely to be an inspira- 
tion to the young instructor of the proper bent. 

And finally, the department by discussion and interchange of 
ideas should be kept aware of the promising fields of research. It 
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is out of the question for a busy teacher to keep up with all the 
advancing fields, but each member can digest parts of it and dis- 
cuss it with the others. Statics and dynamics are now classical 
subjects, and in a certain sense experimenting in them is a waste 
of time, but research with pencil and paper is still in order. Many 
problems have not yet been solved, and an experiment, model or 
otherwise, is the final check of a correct solution. The reduction 
of some known solution to a more understandable state by simpli- 
fications or analogies, puts it in better form for the beginner to 
grasp, and constitutes a piece of research work more or less 
valueless under reasons (a) or (b), but very fine under (c). 

The whole field of hydraulics is reopened by the modern con- 
cepts of fluid dynamics. The mechanics of earth actions, long 
neglected, has been revived by the work of Terzaghi and his school. 
This opens up a large field of unsolved problems for research with 
pencil and paper. The new methods of computing numerical values 
for indeterminate frameworks are certainly an improvement over 
the now classical slope-deflection method, but there is hope that 
still better and simpler methods may be evolved. 

The photo-elastic method is now in a state of development where 
research on the method can be dropped and research with the 
method begun. With the introduction of ‘‘ polaroid,’’ a simple 
and inexpensive photo-elastic outfit has become possible. Standard 
sets can be bought for as little as $500 or a useful set can be built 
for $150. All of this adds to the attractiveness of work in me- 
chanics, and should forever prevent the young instructor from 
turning to poultry husbandry as a hobby. 

As a word of caution against the current tendency to employ 
as new instructors in mechanics only those who have done two or 
three years of graduate work in the subject, let me say that I 
would still rate a few years of practical experience in engineering 
as being worth more than an equal time spent in research work. 
It tends to fill the young instructor with a wealth of ready examples 
and illustrations which is the real key to making the student under- 
stand the principles. 
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ENGINEERING HISTORY AS A STIMULUS IN 
RESEARCH * 


By JASPER O. DRAFFIN 


Professor Theoretical and Applied Mechanics, University of Illinois 


The term research is used here in a broad sense and includes 
applied as well as fundamental research, if there is any distinction 
between them. The impulses or motives, the driving forces, which 
may direct one toward research activity are many but they may 
be placed in two general groups, external and internal. The ez- 
ternal impulses are those of a basically coercive character such as 
an assigned task in an organization with which we are connected, 
or the feeling that research is the expected, or conventional, thing, 
that it is the way to advance in our profession. The ultimate goal 
or aim of such an impulse is the desire for improvement in our 
social, professional or financial standing. Contrasted with this 
external pressure are the internal motives, such as the desire to 
achieve, to create, to add to the knowledge of the world, whether 
we receive financial compensation for it or not. It is this latter 
impulse, the internal, and the factors which foster and stimulate 
it, of which I shall particularly speak. I shall try to show how 
a knowledge of engineering history strengthens this impulse and 
gives it direction. 

Of the individuals moved by this internal impulse or prompting 
there are those who are natural born investigators, those with 
original ideas to whom dissecting, analyzing and synthesizing is 
second nature; activity seems to be an inborn characteristic of 
these people. Then there is another group, those who strive to 
emulate, to know and to follow the example of successful people, 
the imitative. Still others have within themselves abilities and 
ambitions which if used will be effective in the production and 
furtherance of ideas,—creators with a philosophical turn of mind. 
All of these characteristics are found to some extent in all people, 
and everybody needs some guidance, some direction or some stimu- 
lus if they are to realize their possibilities. How does engineering 
history help to bring this about? 

It may be well at the outset to remind you that to most of us 
the past and the future are romantic periods. The present is ever 


* Presented at Conference on Engineering Research, at the 46th Annual 
Meeting, 8S. P. E. E., College Station, Texas, June 27-30, 1938. 
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with us but the past is gowned in the vesture of the oracle and its 
words are words of wisdom. We have heard much said about the 
past but the reality of it is just beyond our experience, we reach 
back for it but cannot quite lay hold on it—we were born too late. 
We must perforce content ourselves with the records of the past 
and these records are history, in our case engineering history. On 
the other hand the future is glamorous with expectancy. We never 
know what a day may bring forth and always hope for the thrill 
that may come, even though the present is dull and filled with the 
weariness of details. When the monotony of the present is about 
to overwhelm us we need a view of the past to lift us up to a Mount 
Nebo from which we may glimpse the Promised Land and so renew 
the hope which enables us to push forward on our journey of 
discovery or to give us a sense of direction in what seems to be 
defeat. Thus, standing on the vantage ground of the present, we 
are able to use engineering history to survey the past and to project 
the crystallized thought of that past into the future. , 

We live in an age of extraordinary scientific and technical ad- 
vance but we do not always recognize real progress when we see it 
—we lack the proper perspective. This is something which engi- 
neering history should give us, a bird’s-eye view of the various 
aspects and personages of our profession. Other professions have 
it, why should we not? If we read the biography of only one per- 
son we are inclined to believe that that individual was solely re- 
sponsible for the complete development of his field. But read 
further, the biography of his rival, his co-worker, and we are per- 
snaded that other workers have made additions to knowledge in 
that field. There is nothing so inspiring, so informing, so stimulat- 
ing to one who would advance his profession as to see how here a 
little and there a little the contributions of many people have been 
the grains of sand out of which have been built the mountains of 
knowledge which we possess. On the other hand there is a danger 
that we may regard some of the great figures as supermen, as those 
to whom there is no earthy substance clinging and who are there- 
fore people unlike ourselves. Let us not forget that these geniuses 
had ambitions and disappointments, they too desired money, fame 
and appreciation even as we do, and that they too had loves and 
possibly hates. Engineering history helps to give this complete, 
fully rounded view, an outlook which we must have if we are to be 
really masters of our profession. 

If each of you were asked to write down the names of eight or 
ten men of modern times who might be held up as stimulating ex- 
amples in research, whose lives might be studied with profit, whose 
names would appear on the lists? In such a group as this one it 


is likely that every list would include one or more of the names of . 
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Edison, Bessemer, Westinghouse, Pasteur, Watt, Steinmetz, Fara- 
day, Smeaton, Marconi. And of course I would agree that your 
choices were excellent. Yet none of these names appear in my list 
today. The people I shall mention briefly are not selected as the 
most conspicuous examples of research men or the most important 
contributors to technical progress; they are merely selections from 
a galaxy of eminent men, stimulating and inspiring. They are 
from various fields of endeavor, one from public health, two from 
power and two from materials. They represent five countries and 
cover a period of about a century. 

The first to be named is one to whom I feel peculiarly drawn, 
though why I do not know. He is that rugged old die-hard, that 
student and investigator of public health, Max von Pettenkofer 
(1818-1901). Born in Austria, he began work with his uncle, 
rather unhappily, as a clerk in a pharmacy while at the same time 
he studied medicine. After some meritorious discoveries in physi- 
ological chemistry he entered upon a political appointment which 
enabled him to devote himself to public hygiene. At about this 
time (1854) there was a severe epidemic of cholera and typhoid in 
Munich and he began studies of the water supply of that city. 
Through these studies he came to the conclusion that there was a 
specific agent in the soil which caused the disease and that poor 
drainage was responsible. For forty years he labored to improve the 
drainage and water supply of Munich and he had the gratification 
of seeing the death rate from typhoid fever drop from 149 per 
100,000 to 3 per 100,000 in a period of 26 years. Though his 
theory was partially wrong his results were most successful. The 
painstaking work and the profound conviction of the man as well 
as the boundless energy he used furnishes a stimulating example 
for any research worker. He was human, perversely so, and most 
tenacious in his views, as shown by the fact that he never believed 
in the germ theory of disease, a strange state of affairs for one 
who accomplished as much as he did in the way he did. It is re- 
ported of him that he took from Koch’s hand a tube containing a 
culture of cholera germs and drank the contents to prove there was 
nothing to the germ theory of disease. And he lived to maintain 


his point. Whether or not the story is true it exemplifies his . 


courage and shows the assurance he felt in his own views. While 
I would not advocate this type of stubbornness as a necessary con- 
comitant of research, it is true that the person who discovers new 
facts or projects old ideas into new areas must have a degree of 
confidence in himself and of faith in the correctness of the ideas 
which he espouses. Faith based on a background of knowledge is 


a valuable ally in research. 
Let us now look at the field of power. The discoveries and in- 
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ventions of Watt and others at the close of the eighteenth century 
stimulated investigation in steam engineering which then advanced 
by leaps and bounds. Soon it had changed from an art and a craft 
to a science. Yet with all the improvements made in the century 
following Watt’s first engines, the steam engine had not been 
changed in any essential way. The first modification of a really 
basic character came with the steam turbine, and Sir Charles A. 
Parsons (1854-1931) was a pole star in this transition of the prime 
mover. Born in Ireland, he was educated at Cambridge where 
the tradition of Newton still lingered to inspire and energize. 


_ Here also Robert Willis had bequeathed to his successors a vision in 


mechanical engineering. These influences, coupled with natural 
ability and early training, played upon the life of young Parsons. 
He began his work in 1877, only 17 years after Rankine had stated 
the correct equations of thermodynamics which showed that there 
was a large waste of energy in the utilization of steam. Parsons 
selected the turbine as the medium of reducing this waste. Though 
the turbine idea was centuries old the mechanical difficulties were 
great and these Parsons gradually overcame. He built his first 
machine, 10 H.P., operating at 18,000 r.p.m., in 1884 and followed 
it with a 600 H.P. turbo-generator station in 1888. But from a 
600 H.P. stationary installation to one of 144,000 H.P. in the 
bowels of a plunging battleship is a long step. While this phe- 
nomenal growth was not all due to Parsons, he had his share in it, 
particularly in the adaptation of the turbine to ships. One of the 
prime difficulties was that of the failure of the metal due to the 
high velocity of the rotating blades. He decided to distribute the 
drop in steam pressure between the inlet and the outlet over a 
number of wheels and thus reduce the peripheral speed, a most 
effective scheme for reducing the stresses in the blades. His studies 
and achievements will long stand as pillars of Hercules to the 
voyager on the sea of steam engineering research and discovery. 
Particularly suggestive to us is the versatility he showed in adopt- 
ing a substitute type of turbine when conditions seemed to preclude 
the use of the one he originally developed. 

Let us now go back to a young Dane, Hans Oersted (1777-— 
1851). Born in the home of an apothecary and possessed of few 
opportunities for education he studied by himself until he was able 
to attend the University of Copenhagen from which he was grad- 
uated. His interest was in science and naturally he was one of the 
devotees of the new and rapidly growing cult of experimenters in 
electricity. Though much was then known of both electricity and 
magnetism there was as yet no known relationship between the two 
phenomena. In 1820 young Oersted discovered and demonstrated 
such a relationship and thus laid a solid foundation for subsequent 
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studies of electrical action. The story is told that during a lecture 
he had a sudden ‘‘hunch”’ and placed a wire carrying an electrical 
current beside a suspended magnetic needle with the result that 
the needle was deflected. Be-that as it may, he made the dis- 
covery and conducted many other experiments which revealed not 
enly law-abiding phenomena but the laws which governed them. 
His researches helped to form the groundwork on which the pres- 
ent magnificent edifice of electrical engineering is reared. 

The next person on my list is one of our own countrymen, Wil- 
liam Kelly, the ironmaker from Kentucky (1811-1888). It is 
reported that he became concerned over the increased distance of 
charcoal from his ironworks and that this impelled him to look for 
cheaper fuel. Whether this is true or not he found that by blowing 
cold air through molten cast iron he was able to produce what was 
called wrought iron. He did this first in about 1847 and intended 
to use the process for the commercial production of iron. How- 
ever, the opposition of his customers who were critical of the 
new iron and of his father-in-law who furnished the capital held 
him back. Later he obtained a patent on the process and in 1857 
he built a converter at Johnstown, Pa. With further improve- 
ments his method was used for making large quantities of steel. 
Kelly himself derived relatively little financial reward from his 
discovery because his method came into direct conflict with patents 
on machinery held by Bessemer. In the final negotiations, with 
which Kelly had little or nothing to do, the Bessemer interests 
headed by Alexander Holley of Troy, N. Y., won out. Kelly was 
a modest man who lacked aggressiveness and while he regretted the 
loss which he sustained, in money and prestige, he had courage to 
hope and a will to work. Perhaps he should not be cited as a suc- 
cessful and inspiring research worker. Nevertheless he was and 
is one of the figures depicted on the canvas of research and prog- 
ress. Any investigator will find in the account of his life a valu- 
able lesson in persistence. 

The final figure in my small procession is that of a Frenchman, 
Floris Osmond (1849-1912), one of the foremost workers in the 
metallography of iron and steel and one whose name is commemor- 
ated by the term osmondite. After some years of practical work in: 
steel plants he devoted himself to private research. He discovered 
that iron forms chemical compounds and that these compounds 
form solid solutions with each other. He further discovered the 
thermal critical points of iron and with these laws and data he 
built up a remarkably brilliant conception of the action of iron and 
carbon compounds in cooling, the allotropie theory of iron. Thus 
he forged a key which unlooked the tangled secrets of the thermal 
transformations of steel. Osmond was thorough, cautious and 
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logical in his reasoning, generous, shy and reticent in his person- 
ality. He became deaf and because of this suffered keenly and 
finally became a recluse. When he was ill and knew that death 
was approaching, one of his last messages was that no biographical 
sketch of himseif should be published. It was only after careful 
consideration that some of his admirers wrote briefly of him. This 
is the man to whom so much is owed for our present knowledge of 
the metallography of iron and steel. To me Floris Osmond is an 
inspiring personality both for what he did and what he was. 

It is on the records of men such as those I have just described 
that the structure of engineering stands. Patient study, accurate 
experimentation, logical synthesis and critical interpretation have 
been the goal of many such investigators in the days that are gone. 
The record of their work is a part of our professional heritage and 
a part which we must cherish and utilize if we are to pass on still 
aflame the torch which has been handed to us. The past has a part 
to play in the advances of the future and discriminating reading 


- with thoughtful study of the history of engineering will broaden 


our horizon, deepen our understanding and enable us to add our 
mite to the advancement of engineering knowledge. I commend 
such reading to you. 
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WHEN RESEARCH LEADS TO PATENTS 


THE PROBLEMS INVOLVED IN THE SETTING UP OF A 
POLICY RELATING TO PATENTS AND PUBLICA- 
TIONS BY EDUCATIONAL AND RESEARCH 
INSTITUTIONS! 


By CLIFFORD B. LePAGE 


Assistant Secretary, American Society of Mechanical Engineers 


GENERAL CONSIDERATIONS 


In considering the problems involved in setting up a policy 
relating to patents and publications by educational and research 
institutions it will be found convenient first to make a twofold 
division of the situations which we are to study, namely, Case 1, 
where the research associate is employed by a college, university, 
or research institution to work on a part or full time basis and, 
Case 2, where the research associate is employed full time on the 
problem by the university or the research institution which in turn 
is serving as a research agency for an individual, a firm, or a group 
of firms which may or may not be associated together as a commit- 
tee or in some other form of organization. 

The problems incident to the first of these two cases are simply 
those of a college, university, or a research institution in its dealing 
with one of its employees. While these problems are at times 
difficult of adjustment they are not so complicated as those which 
arise in the second case when the interests of a third individual or 
group, particularly the latter, are added. 

Before proceeding further in a study of the problems presented 
by these two general groups of situations, it should be stated that 
in the opinion of those who have had the most experience in and 
have given the greatest amount of thought to the handling of situa- 
tions involving patents, they are at the best difficult and very com- 
plicated. Self-interest, human initiative, personal rights, organiza- 


1 The basis for this paper is a file of correspondence and pamphlets cover- — 


ing a period from 1920 to date which was assembled for the use of the 
A. S. M. E. Research Committee at the time it was setting up its policy relating 
to patents. This file includes data and expressions of opinion gathered to- 
gether when The Engineering Foundation, the National Research Council, and 
the American Engineering Council were making similar studies of this im- 
portant subject. 

Presented at the Conference on Engineering Research, S. P. E. E., College 
Station, Texas, June 27-30, 1938, in Mr. LePage’s-absence by Mr. C. E. 
Davies, Secretary, A. 8. M. E. 
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tional policies, contract law, patent law, business procedure, com- 
petition, etc., are a few of the elements involved. As a consequence, 
there is little or no possibility in our present economy to frame a 
policy or policies which would have any chance of being generally 
adopted in either one or both of the two cases suggested above. 

In general it will be found most expedient to determine a patent 
policy for each particular contract so that it may reflect the exact 
circumstances which prevail and may be based on sound principles 
of human relations and good organization. In the first case where 
the variables are relatively few, there will be more opportunity for 
uniformity between the practices of one college or institution and 
another. The variables in the second case are, however, too nu- 
merous to permit the possibility of uniformity. 


CasE 1. WHEN THE RESEARCH FELLOW Is ASSOCIATED WITH ONLY 
ONE ORGANIZATION 


From the record it would appear that at present the patent 
policies in force in the several universities and research institutions, 
which employ research workers or fellows, vary all the way from 
(1) granting no interest in patents which result from the work of 
the fellow to (2) the granting to him or her complete ownership 
and rights. The problems implied in this situation are the prob- 
lems of employee-employer relationship conditioned by the tradi- 
tions of academic life and research procedures. They are, however, 
much the same as those met with in other walks of life. One dean, 
head of department, or professor takes the position that the research 
fellow is adequately recompensed by the salary that he is paid and 
by the other advantages of campus life. While on the other hand 
another supervising officer sees in the possibility of a discovery or 
an invention an opportunity to stimulate his research fellows to 
maximum effort, study, and reflection. He consequently offers 
them partial or complete participation in the discoveries or inven- 
tions which are direct outgrowths of their work. This means an 
outright payment or a participation through rights in the returns 
from a patent. In this latter arrangement the university or insti- 
tution also may receive a share in the benefits, if any materialize. 

Under the patent statutes of the United States an invention is 
patentable only to the original and sole inventor or inventors, hence 
the research worker concerned is an indispensable party in the 
process of securing protection on the invention developed. How- 
ever, by conditions inserted in his contract of employment, he may 
be required to assign to the employing institution all, or any por- 
tion of, his rights in and to the inventions he may develop, both as 
to the United States and foreign countries. 

Most patentable ideas or devices must pass through a long period 
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of development before they are of value commercially. Frequently, 
also they must pass through the fires of one or more litigations. 
The owners of the patent or those to whom it has been assigned in 
one form or another must give the necessary time to handling this 
business and must cover the high cost if they intend to enforce 
the patent rights. Some who have had this experience maintain 
that, in many cases, a patent may become a liability rather than an 
asset. 

A number of universities and research institutions that have 
been conspicuous in their support of research have set up special 
boards or foundations to handle the commercial development and 
exploitation of patents. The proceeds from royalties, sales or other 
sources of income are utilized in major part to support research in 
the institution. Some of these foundations frequently grant 
bonuses to the individual or individuals responsible for ne dis- 
discovery or invention. 

Some institutions receiving patents by assignment from inal 
workers, where such research is paid for by public or other funds, 
dedicate the inventions to the public on the general principle that 
educational institutions should not profit from commercial connec- 
tions which may prove embarrassing. Such embarrassment might 
arise under conditions where such educational institutions profit 
from such connections and thus may involve a tax situation which 
would be prejudicial to otherwise tax-free income and property. 

Also institutions have dedicated inventions to the public with 
provisions for licensing in order to control quality and keep price 
ctown so as to make available to rank and file at reasonable cost such 
discoveries as have medicinal or therapeutic properties, or which 
are of general public benefit. 

Still others permit the individual making the discovery to 
patent it and then to exploit it commercially. In this case, how- 
ever, shop rights are frequently reserved by the institution, either 
by virtue of law or as the result of a definite provision in the con- 
tract to that effect. 

One who has had extensive practical experience in this field be- 
lieves ‘‘that a good patent is as proper a source of income for an 
individual as the authorship of a good book.* If the holder of a 
patent is freed to some extent from financial stringency and care, 
he will be the better able to devote himself to further scientific 
discoveries and useful inventions. 

‘But there are even better reasons for patenting new ideas 
whenever possible, and for the discoverer or inventor holding the 
patent himself. He can push it with more knowledge and energy 

* Yandell Henderson, Ph.D., Professor of Applied Physiology, Yale Uni- 
versity, in the March 31, 1933 issue of Science. 
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and can control it for the general welfare more effectively than can 
the financial officers of a university. Inventions, like all new ideas, 
have generally to be forced on conservative mankind. It would be 
easy to point to many inventions and other applications of dis- 
coveries now saving large numbers of lives that would not yet be 
in use without advertising and the efforts of salesmen. Without 
commercialization a large part of all scientific ideas that are now 
in constant and active use in our daily lives would be locked in 
books on the dusty shelves of university libraries.’’ 

The contract which the research worker has with the institu- 
‘tion will state, obviously, the purpose of his work. Should he be 
employed for the specific purpose of developing an idea or to find 
a solution to a problem, or should the contract specificially call for 
the assignment or transfer of all patentable results of his work, 
then the title to the patent or invention resides with the institution 
or the foundation which it may have set up. Past experience has 
shown that control by such an organization is often very essential 
and in the public interest but such ownership and control do not 
necessarily preclude adequate remuneration to the research worker 
who made the discovery or invention. 

In contracts or agreements with research workers disclosures of 
any kind by an inventor or research worker must be controlled, 
otherwise publications, discussions, and demonstrations may occur 
which are of such a character as to nullify any possibility of pro- 
tecting properly an invention either in the United States or foreign 
countries; or may be so premature as to give unscrupulous outside 
agencies sufficient information with which to hamper considerably 
the original inventor in obtaining a patent. 

Generally speaking educational institutions maintain a liberal 
policy with respect to publication. Papers and reports based on 
the results of research in pure science are not usually subjected to 
censorship by the authorities. In most cases formal permission for 
publication is granted simply on application. Where the research 
fellow is also a student working under a professor in charge, the 
publication is usually a joint paper. In practically all cases of 
research leading to a degree the thesis or dissertation is considered 
to be the property of the institution and cannot be used by a sta- 
dent for publication without the expressed permission of the au- 
thorities in charge. 


Case 2. WHEN A NuMBER OF INDIVIDUALS, FirMs, oR ORGANIZA- 
TIONS Have Direct INTEREST IN THE WORK OF THE 
RESEARCH FELLOW 


We now come to the consideration of the second case referred 
to above, namely, where the research fellow is employed full time 
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on the problem by the university or the research institution which 
in turn is serving as a research agency for an individual, a firm, or 
a group of firms which may or may not be associated together as a 
committee or in some other form of organization. The introduc- 
tion of the third and sometimes the fourth party to the contract 
inereases greatly the complication of the problem. To (1) the 
rights of the individual and (2) the patent policies of the uni- 
versity or research institution we now have to add (3) the patent 
policy of the industrial firm or the group of firms together. with 
that of a sponsoring society or association where there is one, (4) 
the complications relative to shop rights, exclusive and non-exclu- 
sive licenses to the subscribers and nonsubscribers, and the result- 
ing royalties; and finally (5) the rights of the general public. 

Some firms approach a research institution and its scientific 
talent for assistance after they have spent much time and money in 
a given development. They need some help in a specialized field 
unfamiliar to the members of their staffs. If the scientist who is 
assigned to their investigation is successful in solving their prob- 
lem, they will be grateful and will consider the just charges for 
the service well earned. However, should he be allowed to take 
out a patent in his own right with the knowledge thus obtained a 
great injustice is likely to be done to the firm whose years of study 
and development work entitled it to all of the benefits of the art 
that has been thus created. To avoid situations of this character 
it is necessary for industrial research institutions to include in 
contracts with research fellows provisions that results obtained are 
to be the property of the sponsor or donor, and that all inventive 
subject matter and patents obtained thereon shall be assigned to 
the sponsor or donor as the case may be. 

Some take the other extreme view that no patents should be 
taken out on the results of codperative research. To them the ap- 
plication for a patent on the results of codperative research is no 
more justified than keeping secret the information thus obtained 
for the benefit of a restricted group. They hold that full and gen- 
eral publication is the best course. 

However, the efficacy of this latter method of procedure is 
seriously questioned by others. They point out that under the 
patent laws of this country such a practice would prove to be in- 
effective in protecting either the discoverer, the sponsoring group, 
or the public. There is a provision in the law whereby a patent 
may be applied for within a period of two years after the announce- 
ment of a discovery or even after it has been put into commercial 
use. In consequence of this provision it is possible that after pub- 
lication of the details of a discovery some worker in the same field 
or some interested party might file a patent application which 
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would result in a patent if the Patent Office did not know of the 
publication or the use or, even if it did, provided the applicant fur- 
nished an affidavit alleging that he had made the invention before 
the date of publication. 

The contracts which cover the relationship between a research 
agency and a sponsoring body, whether it be an individual firm, 
a group of firms, a trade association, or a technical society usually 
contain some kind of a reference to the handling of a patent situa- 
tion should it arise in the progress of the research. There is a 
provision in the Patent Laws that requires the inventor to make oath 
that he does not know and does not believe that the invention was 
ever known or used before his invention or discovery thereof, or 
patented or described in any printed publication in any country 
before his invention or discovery thereof, or more than two years 
prior to his application for patent in the United States, or in 
public use or on sale in the United States for more than two years 
prior to his application for patent. Thus, it will be obvious that 
it is inadvisable to make indiscriminate and wide-spread disclosures 
as these sometimes result in unscrupulous parties engaged in the 


same field of effort filing conflicting applications with consequent — 


expensive interference proceedings to determine who, in fact, is the 
first inventor. 


The clauses in the contract should cover, first, the rights re-_ 


served by the sponsor organization. These may range from com- 
plete and exclusive ownership by the individual, or the group of 
firms, or an associated society to an assignment to the general pub- 
lic. If the former or an intermediate position is taken, then the 
method of distribution of the benefits, if any, should be specifically 
covered. This involves the reward to the research fellow, assign- 
ment of shop rights, granting of licenses to the members of the 
sponsoring group either free or on a royalty basis, and a provision 
covering the method of handling the participation of nonsubscribers. 

Because of the difficulty of drafting in advance clauses of this 
kind which will be satisfactory to all concerned, some sponsor or- 
ganizations have found it best to omit them from the contract cover- 
ing the research project and to deal with a patent situation as a 
special problem if and when it arises. If this course is taken, a 
provisional paragraph could be inserted in the contract. 


PRESENT TENDENCIES 


One well known industrial research laboratory provides in its 
fellowship agreement for the publication of the results of all in- 
vestigations after three years have elapsed provided such publica- 
tion will not unduly injure the sponsor’s interests. 

A method of conserving the interests of the research fellow, 
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the research agency, the industrial firms and associated organiza- 
tions, and the general public which seems to be growing in favor 
provides for the final assignment of the patent to a non-profit 
foundation organized for this particular purpose. The contracts 
and agreements made with such a corporation would specify ex- 
actly how and in what proportion the benefits resulting from the 
commercial development of a patent would be distributed. Some of 
these corporations undertake also to develop and exploit the original 
discovery or invention. In this case the public may profit by the 
application of a certain proportion of the proceeds of inventions to 
the assistance of other inventors in the development of their dis- 
coveries or inventions. 


Summary. Case 1 


1. All contracts between research fellows and a university or 
research institution should contain a reference to the possibility of 
a patentable invention resulting from the study to be undertaken. 

2. Assignment of a patent resulting from a study made for 
a particular purpose directly to the institution, the employer, is the 

-normal procedure. The control and administration of such a pat- 
ent, however, either directly or through a foundation should be 
equitable to all concerned—the research fellow, the institution, and 
the general public. 

3. Should a research worker or a professor engaged in general 
research either on a full or part time basis happen on a discovery 
of an invention then it will be time enough to enter into a specific 
agreement as to patent rights, royalties, etc., providing that a 
clause, as previously mentioned, has been inserted in the contract. 
A small committee made up of disinterested members of the faculty 
and research personnel has been found to function well at such a 
time. Ownership to such intellectual property has been repeatedly 
held by the courts to reside in the person doing or directing the 
work which resulted in a discovery or an invention. 


Case 2 


4. More formality is involved in a patent situation when in- - 


dustrial groups are associated with the research agency financially 
and otherwise. Here also the principal purpose of the research 
may be to develop new knowledge with the possibilities of an in- 
vention remote. So, while reference to patents should be made in 
the contract, it need not be explicit. A patent agreement between 
all interested parties may be drawn up later in the light of the 
circumstances as they then exist. 

'5. The codperative committees of technical societies, the co- 
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operative research councils of industrial groups, and other similar 
organizations usually include specific clauses concerning patents in 
their contracts with research agencies. 

6. Many hold that the results of research conducted at govern- 
ment laboratories and at those of state and endowed universities, 
whether or not they lead to patentable discoveries or inventions, 
should in time reach the general public. 


Discussion 


L. M. K. Boelter, Professor of Mechanical Engineering, Uni- 
versity of California: At the University of California, faculty mem- 
bers are free to act with respect to patentable material in any 
manner which they see fit. The President of the University, upon 
request of the faculty member concerned, will appoint a special 
committee to report on the merits of an invention or discovery and 
on the advisability and methods of securing patents. 

Several inventions and discoveries have been sent to the Re- 
search Corporation of New York for financing and disposition of 
patents, under the procedure noted above. If the patent is ac- 
cepted, royalties, if any, are subject to agreement between the Re- 
search Corporation and the inventor. 

It is understood that from time to time the Research Corpora- 
tion will, at its discretion, allot contributions for research to such 
institutions from which profitable inventions have emanated. The 
Research Corporation, however, owns such patents as have been 
discussed heretofore. 

Often faculty members make their own arrangements with in- 
dustrial units, or in the case of discoveries and inventions by mem- 
bers of the staff of the College of Agriculture, the data have been 
transmitted to the U. S. Department of Agriculture with the recom- 
mendation that they be considered for public service patents. 

H. A. Everett, Head, Mechanical Engineering Department, The 
Pennsylvania State College: Mr. LePage’s paper presents an ex- 
cellent summary of the problems involved in any policy relating to 
patents resulting from research programs. From the educational 
institution point of view, I quite agree with his comments as sum- 
marized in Case 1. It is essential that the stimulus of financial re- 
ward and credit be retained in any collegiate research work. 
Workers in this field are almost invariably underpaid and if the 
results of their work can be made to produce financial income, this 
income should be so controlled that some portion of it should revert 
to the originator of the idea. 

With us the control and administration of patents rests with a 
non-profit foundation drawn from the college staff, and this group 
assists in the obtaining of the original patents. This latter is a 


: 
: 
a 
‘a 
‘@ 
i 
7 
j 
, 
4 
q 
a 
L 
‘ 
i 
4 


528 WHEN RESEARCH LEADS TO PATENTS 


step which is particularly helpful, as frequently the financial 
burden involved in obtaining a good patent is more than an in- 
dividual cares to undertake. In such a manner the discoverer is 
first advised concerning the value of the patent, then relieved from 
the financial burden of obtaining the patent, and finally receives 
some financial reward if the patent becomes commercially success- 
ful. We feel that this arrangement is a sound one and results to 
the advantage of both the institution and the individual. 

Arthur M. Greene, Jr., Dean, School of Engineering, Princeton 
University : Princeton has recently formulated a patent policy con- 
trolling the issuance of patents to members of the University. We 
have provided for a patent committee and have also entered into a 
contract with the Research Corporation by which they would un- 
dertake the prosecution of patents for worthy inventions of mem- 
bers of the University, which includes faculty as well as members 
of the graduate and undergraduate groups. The agreement also 
permits individual members to take out patents on their own re- 
sponsibility and provides in such cases that the patent shall be 
submitted to the Patent Committee for the determination of any 
equity which may belong to the University on account of facilities 
offered by the University in the development of the invention. 

I am very glad that Mr. LePage has mentioned the matter of the 
public in his paper as we feel very strongly that patents should be 
taken out on meritorious inventions so as to protect the inventor 
and the public from improper use of the invention as well as the 
possible granting of the patent to a person who had not made the 
discovery. 

C. F. Hirshfeld, Chief of Research, The Detroit Edison Co.: 
I have read the paper with interest because it deals with a subject 
which I have had to consider from time to time in various capacities 
during the past twenty years or more. Mr. LePage has given a 
very fair statement of the problems and methods. I do not believe 
IT can add much of value to what he has written except to em- 
phasize the fact that discussion and treatment of these problems 
should both be realistic rather than idealistic. Many institutions 
in their idealism have actually retarded their own development and 


human progress by failing even to permit the presentation to them. 


of realistic points of view. 

Joseph O. Lange, Engineer of Patents, Crane Co., Chicago, IIL: 
Jn reading Mr. LePage’s paper, I am reminded of a case entitled 
U. 8. vs. Dubilier Condenser Corp. (289 U. S. 177) which came be- 
fore the U. S. Supreme Court and which was decided on April 10, 
1933. Two scientists employed by the United States in the Radio 
Section of the Electric Division of the Bureau of Standards, while 
assigned to research concerning the use of radio in aeroplanes, 
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made discoveries concerning the use of alternating current in 
broadeast receiving sets, a subject not within their assignment and 
not being investigated by the Section. With the consent of their 
superior they perfected their inventions in the Bureau’s laboratory 
and obtained patents. It was held, under such circumstances, that 
there was no employment to invent and no basis for implying a eon- 
tract to assign to the U. S. Government or to establish a trust in its 
favor, except as to shop rights. The latter expression substantially 
amounts to a non-exclusive license. 

The U. S. Supreme Court held that the proposition that anyone 
who is employed by the United States for scientific research should 
be forbidden to obtain a patent for what he invents is at variance 
with the policy heretofore evidenced by Congress, and the Court 
further held that if public policy demanded such a prohibition, then 
Congress and not the Courts should declare it. The analogy drawn 
is that the Government in this particular instance was placed in 
the position of a state endowed institution. The Government in 
the presentation of its attempt to recover the exclusive use to the 
patents sought such result by forbidding one who is employed by 
the United States for scientific research to obtain a patent for what 
he invents, though neither the Constitution nor any statute so de- 
clares. 

It is my opinion that where a third party is involved in a 
research project, then there is an implied contract that such third 
party, to the exclusion of anyone else, should be permitted to con- 
trol the patents resulting from such research work. Further, how- 
ever, the question of whether or not the research worker was em- 
ployed to invent enters into the determination of the respective 
rights of the individual parties. Obviously if the research worker 
is employed for that purpose, then the invention should be a legal 
obligation but assigned to the party paying for the research work, 
and neither the school nor the research worker has even as much 
as a shop right in the process. 

Where the invention occurs by reason of the use of the em- 
ployers’ time and materials, then it seems logical that the school 
as well as the party paying for the research work should have shop 
rights in the invention, considering of course that the invention is 
not within the scope of the project undertaken but merely happens 
to be a discovery occurring during the course of the investigation. 

Therefore, in Case 1 (where the research associate is employed 
by a college, university or research institution to work on a part or 
full time basis) it would seem logical that any invention within the 
terms of the project should inure to the benefit exclusively of the 
school or employer. 

In Case 2 (where the associate is employed full time on the 
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problem by the university or research institution which in turn is 
serving as a research agency for an individual, a firm, or a group 


of firms which may or may not be associated together as a com-. 


mittee or as some other form of. association) by the same reasoning 
the principal employing the research institution as one of its agents 
is entitled to the same benefits which would ordinarily inure to the 
school or institution. This conclusion is based upon a well estab- 
lished axiom in the law of agency that the principal is entitled to 
all of the benefits inurring to the agent within the scope of his 
duties whether or not such benefits were specifically known to the 
principal at the creation of the agency. 

It would seem to me, therefore, that the better practice would 
be to provide definitely in advance for the proper delegation and 
use of patents rather than to rely upon any arrangement sub- 
sequently attempting to set forth the respective rights of the parties. 
To do otherwise might result in injury to one party or the other 
because of the urgency of the situation later developing, and per- 
haps based upon circumstances not previously existing nor antici- 
pated. 

I have treated this subject merely from the standpoint of one 
phase of its legal consideration, realizing that the case quoted has 
created a very definite influence in the employee-employer relation 
construed by the highest court in the land. 

M. F. Sayre, Professor of Applied Mechanics, Union College: 
I am rather inclined to suggest that this topic should be subdivided 
into Case 1—Patents Rights, and Case 2—Rights of Publication, 
rather than into Mr. LePage’s Case 1 and Case 2. 

As a generalization, every one will probably agree that the po- 
tential benefits from patents arising in such cases as are here 
referred to should be divided between the respective parties in 
proportion to the share which they have contributed toward the 
research, taking into due account the risks incurred by the sponsor 
of receiving zero or negligible returns from his investments in the 
research. Obviously no generalization is possible as to the share 
contributed by the research worker himself. The problem before 
him may have been rather clearly stated before he entered the re- 


search; and the sane selection and clear statement of the problem. 


is usually a very important factor leading toward success. He has 
drawn upon the general public store of knowledge. In codperative 
work, he has usually had considerable special information and ad- 
vice from the sponsors. He has drawn upon the supply of appara- 
tus owned by the institution, and in case of a research fellow, has 
usually had guidance from senior professors at the institution, and 
may have had records of negative or positive results obtained by 
previous research fellows. 
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If, in addition to receiving this help, the research fellow is paid 
for his time, it is obvious that his claim to ownership of resulting 
patents, as a matter of right, is likely to be a rather small one. 
Usually, as suggested by Mr. LePage, the natural procedure will 
be the assignment of rights to the patent to the sponsoring body or 
to some agent designated by it. From the point of view even of 
the inventor himself, this is likely to be advisable, since the neces- 
sary steps involved in obtaining a valid patent, so written as to 
cover all rightful claims, and in later disposing of or developing 
the invention, will usually be time-consuming and expensive and 
eall for a type of skill which the research worker himself will not 
have. One difficulty, however, in assigning patent rights to any 
university except a very few is that the university is not likely 
itself to have at its disposal this type of skill, or to be willing to bear 
the necessary development costs. 

The amount of payment to be made to the research worker is a 
more difficult matter to determine. Often the fairest solution 
would be an initial arrangement for a salary commensurate with 
the research fellow’s real ability, the risk of positive or negative 
results being borne by the sponsoring institution, which after all 
has usually selected the problem. Even here, a bonus for excep- 
tionally good results or for discoveries of commercial value arising 
cutside the original field of the research would seem to be advisable 
from the standpoint of good policy as well as that of fairness. 

The problem of publicity of results is quite a different one 
from that of patent rights. Save under exceptional circumstances 
it would seem to be of doubtful advisability for any educational in- 
stitution or endowed research institution to accept research prob- 
lems except with an understanding that the results obtained are to 
be published with not too great delay. Problems the answer to 
which is to be kept. secret belong more properly in private labora- 
tories, or if for reasons of convenience (special equipment or special 
training of workers) they are undertaken by educational institu- 
tions, it should be only with the understanding that full costs, in- 
cluding overhead, should be borne privately, and that workers are 
to be fully paid for their time and skill. 

Only a comparatively small percentage of patents, even after 
’ costs of issuance have been paid, have any large commercial value, 
and ordinarily, right of publication, with the resulting gain in 
reputation, is likely to average of more real value to young research 
fellows than these purely hypothetical patent rights. There are of 
course occasional brilliant exceptions. Lacking definite agreement 
to the contrary, and subject to reasonable delay if requested by the 
sponsors, research fellows should be entitled to this right of pub- 
lication, the authorship to be listed either individually or jointly 
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with others, depending upon the way in which the work itself was 
handled. 

The comments made up to this point refer to what might be 
termed subsidized research carried on by men part or all of whose 
time is definitely understood to be devoted to research. Discoveries 
of commercial value made by members of the faculty, paid by the 
school primarily for their teaching work, and with negligible or no 
time allotment for research, constitute yet another problem, and 
may well be a matter for preliminary understanding. Lacking 
such preliminary understanding, there would seem to be no valid 
reason why patent royalties should be any less a matter of private 
ownership than should, for example, be book royalties on books 
written by members of the English or Economics departments. To 
my knowledge, no claim to institutional ownership to these book 
royalties has ever been made, and yet college library facilities may 
be quite as necessary and expensive a factor in the one case as were 
laboratory facilities in the other case. 

J. H. Walker, Engineer Assistant to the General Manager, The 
Detroit Edison Co.: Mr. LePage has most ably presented the prob- 
lems involved in patent policies. He apparently recognizes the 
fact that stating the problem is about as far as one can go in such 
a discussion. The actual policy chosen will in each case depend 
upon the viewpoint and philosophy of those individuals and insti- 
tutions who have the matter in hand. 

A few points might be mentioned in amplification of, but not in 
disagreement with, the paper. One is the injustice which can some- 
times occur if royalties go entirely to the patentee in disregard of 
other individuals who have contributed as much or more than he to 
the development of the invention. The patent system is a govern- 
mental method of securing for the individual citizen certain rights 
to the product of his brain. But a patent should not necessarily 
be the sole criterion as to the distribution of profits among in- 
dividuals of an organization. In some cases gross injustice and 
great damage to morale may result from the disregard of this 
obvious fact. 

Another point not to be lightly disregarded is the possibility 
of violent objection on the part of industry to the collection of 


royalties by a tax-supported institution. Should an industry pay ' 


royalties under, or be hampered by, a patent covering inventions 
evolved in an institution to which that industry is contributing tax 
money? The answer that the research work which led to the patent 
is partly or wholly paid for by a sponsor is not an entirely adequate 
answer. The institution and indirectly the taxpayers have usually 
contributed in one way or another to the project. 

Mr. LePage points out the question in the minds of some as to 


2 
3 


WHEN RESEARCH LEADS TO PATENTS 533 


whether any patents are worth the difficulties which they involve. 
The conspicuous cases of enormous rewards earned by basic inven- 
tions should illustrate the importance of patent protection. Many - 
mistakes are made, however, in taking out patents which are not 
basic and which can have no great commercial value. Too little 
thought is often given to the probable value of a patent before the 
money and effort are spent on it. A realistic evaluation would 
often save a great deal of trouble. Important inventions should 
be patented and the workers in institutions should be permitted to 
share the profits in some equitable way. If more and better brains 
are wanted in our laboratories, no more effective attraction can be 
offered than the hope of financial reward. 

A. E. White, Director, Department of Engineering Research, 
University of Michigan: After years of experience with matters re- 
lating to patent policy for educational and research institutions, it 
is doubtless safe to state that no one policy will be found acceptable 
to all interests. Various institutions have their own policy and it 
has been found that even in the same institution different units may 
not operate under the same policy. 

Mr. LePage has divided his subject matter into two ‘‘Cases.’’ 
One deals with the plan whereby workers are supported by univer- 
sity grants or by foundations which have no particular interest in 
exclusive benefits from any patents which might result; and the 
other deals with the plan whereby research workers are supported 
by agencies which, in many instances, look forward to possible 
financial returns from patents. 

With regard to the first case, it is felt that it is very proper and 
fitting that ‘‘all contracts between research fellows and the uni- 
versity or research institution should contain a reference to the 
possibility of a patent or invention relating to the study to be 
undertaken.’’ Although it is agreed that this reference need not 
be explicit, it would be helpful if a definite policy could be estab- 
lished on this point. 

It is questioned if an educational institution should accept the 
direct assignment of a patent. Such assignments are liabilities as 
well as assets. The writer knows of no educational institution 
which is so set up as to protect patent rights, nor no educational 
institution which could effectively bring the patent to those who 
could carry work forward under its provisions. The most prac- 
ticable method of handling patents appears to be through founda- 
tions set up under the provisions of an educational institution to 
administer them. These foundations are in a position to administer 
patents properly and they free the educational institution from the 
possibility of litigation. 

I beg to differ with the conclusion that ‘‘Should a research 
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worker or professor, engaged in a research, either on a full- or 
part-time basis, happen on a discovery or invention, then it will be 
time enough to enter into a specific agreement as to patent rights, 
royalties, ete.’’ This procedure may be satisfactory in the case 
of patents which are of no moment. It is questionable if patents of 
this type should be applied for, anyway. In the ease of patents, 
however, which contain valuable provisions, precious time is lost 
in setting up machinery for their administration. 

With respect to the second case, I cannot agree with the thought 
that ‘‘while reference to patents should be made in the contract, it 
need not be explicit.’’ It has been our experience that one of the 
first questions raised by most industrial groups is ‘‘what are the 
arrangements for handling patents?’’ Many industrial organiza- 
tions will not place research with agencies which will not tell them 
in advance what procedure may be expected with respect to the 
administration of patent rights. 

The results of research conducted at Government laboratories 
and at state and endowed universities should be so administered 
that patentable discoveries or inventions will, in time, reach the 
general public. However, I do not believe that the best way to do 
this in all cases is by the direct assignment to the general public of 
the patents resulting from discoveries or inventions. In fact, such 
a course oftentimes results in the general public failing to receive 
benefit. It must be recognized that patents are oftentimes but a 
prelude to a general development. Industrial organizations would 
hesitate to make large expenditures in developing a patentable idea 
into a product for public consumption unless they were assured of 
some protection over a reasonable period of years. The Govern- 
ment, by the very establishment of the Patent Office, recognizes this 
principle. 

I wish to congratulate Mr. LePage upon the clearness with 
which he has presented the general subject. It is, at best, a dif- 
ficult paper to prepare and one which probably involves many 
differing view points. 

C. E. Williams, Director, Battelle Memorial Institute: Mr. Le- 
Page’s appraisal of the patent problems confronting a research or- 
ganization states them very well. Patent protection is a factor in . 
almost all research of a practical nature, and must be reckoned 
with, though often the only positive value of a patent lies merely in 
its defense against being held up by some later inventor. 

At Battelle Memorial Institute the patent problem is always 
handled by definite contract, not left for determination after a 
patentable discovery has been made. The employment contracts 
with employees bind them to prosecute applications and assign them 
to the Institute. There are no exceptions to this. Should an in- 
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vention be in a field remote from those dealt with at the Institute, 
so that the Institute does not wish to develop it or bring it to the 
attention of a possible sponsor, the invention is formally released 
to the employee. 

In all contracts with sponsors, for whom commercial research is 
earried on at their expense, the ownership of patents is definitely 
defined, whether the sponsor be an individual, a firm, a temporary 
eroup of firms, a trade association or other organization. Unless 
the sponsor otherwise stipulates, all patentable inventions relating 
directly to his problem belong wholly to the sponsor. In rare cases, 
sponsors stipulate that patents will not be taken out, but all results 
made available for general use. Groups interested in the wider 
application of a particular raw material sometimes take this atti- 
tude. Individual manufacturers almost invariably prefer to be 
able to take out patents under their sole ownership. This does not 
mean that patents are taken out on every little patentable kink, but 
merely that when something basic or important crops up, it may be 
patented if the sponsor wishes. 

We have some sponsorships established for the development of 
fundamental information rather than for definite and immediate 
commercial purposes. Such projects are supported by a firm or an 
industry which recognizes its need for more information on its 
products or processes, and looks for such information from the 
long-range viewpoint. In these, patentable discoveries are not di- 
rectly contemplated and the results are expected to be published. 
In the event that something worth patenting ensues, a separate, 
commercial type sponsorship may be set up for the following of 
the lead that appeared to have immediate commercial possibilities, 
with the sponsor carrying the cost and having ownership. 

Whatever the situation may be in which the problem of patent 
ownership can arise, it is better to have that ownership as definitely 
prearranged for by contract as possible. 

The matter of publication is equally important with that of 
patents. Battelle contracts with commercial sponsors stipulate 
that, while data are the property of the sponsor, no use may be 
made of the Battelle name in advertising or sales promotion without 
specific permission. Publication of articles and presentation of 
papers before technical societies, usually under joint authorship of 
a sponsor’s representative and of a member of the Battelle staff, is 
the method usually chosen for publicizing the results of sponsored 
research. The contracts stipulate that publication must be ap- 
proved by both the sponsor and the Institute, either one can veto 
publication. This avoids the possibility of premature publication 
by the sponsor of incomplete information, or of publication by the 
Institute of material which the sponsor wishes to keep confidential. 
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W. R. Woolrich, Dean, College of Engineering, The University 
of Texas: The paper of Mr. C. B. LePage is most timely. The 
practice of granting patents and the issuing of publications by 
Federal, State and endowed research agencies varies so greatly that 
the non-technical observer sees in it only confusion. Some of our 
most prominent research directors insist that employed research 
workers should be paid in full for their work and time, and should 
not be permitted to share in the fruits of any invention. They have 
had experiences of men losing sight of the main objectives of the 
investigation to which they were assigned and diverting their en- 
ergies to some less important ‘‘quick money’’ invention. 

A few additional comments might be added to the paper of Mr. 
LePage to emphasize the need for a well established policy in any 
research division. These are outlined briefly under four items 
which should be a part of any research program: 

(1) The research worker should be given inspiration, direc- 
tion and essential aid. 

(2) Those who provide the funds should be given assurance 
that their financial support is not for the personal gain of the re- 
search worker or the staff. 

(3) Any invention should be fully protected by patents to pro- 
tect the inventor, the institution and/or the donor against un- 
principled applications of the invention or discovery and excessive 
and uncontrolled production. 

(4) The research should be sufficiently financed, organized and 
established to make possible the development of the invention be- 
yond the laboratory state to actual pilot plant installation. 

Referring to (1), it would seem desirable in any research pro- 
gram to extend to the research worker adequate assurance that his 
contribution shall be appraised by a sympathetic committee or 
board and that he shall be given certain compensation for the as- 
signment of his patents to the employing institution or department. 

Under (2), on the other hand, we cannot expect either the com- 
monwealth or individual donors to accept the principle that they 
should contribute money for personal gain of an employed research 
investigator. Such award as is made to the inventor should be in- 
cidental to the transaction. 

The statements given in (3) are in themselves partially self-ex- 
planatory. Most patents at their best are not producers of great 
revenue, especially for the first five years of their application. It 
is very essential, therefore, that the investor be offered reasonable 
patent protection to prevent indiscriminate competition until he 
has received ample reward for his investment. 

Item (4) is often overlooked in our Federal and university 
laboratories. Too many of our laboratory discoveries and inven- 
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tions are left in the laboratory stage by the research worker. Dis- 
coveries left in this eondition might be utilized by the larger 
industrial organizations, because they have sufficient research staff 
to place them on a commercial basis. Many of our government 
discoveries have been fruitful for the larger industries, but have 
contributed little to the smaller manufacturer. The small manu- 
facturer must of necessity have a limited research staff. If he is 
to be aided, research should be carried on through the pilot plant 
stage and given sufficient support to provide semi-commercializa- 
tion before it is turned over to the manufacturer. 

In conclusion it would seem, therefor, desirable for every major 
institution doing research work that it should: (a) Have a well 
ordered patent and publication policy and (b) Make provision 
through a research foundation or corporation for the commercial 
introduction of these discoveries to accomplish the most good for 
the most people with due recognition being given to the research 
worker, the university or college and the donor. 


Author’s Closure.—It is gratifying to note the interest in the 
subject of this paper as evidenced by the discussions and construc- 
tive comments of the several discussers who are active in the field 
of research and its use in the solution of some of the problems of 
industry. While some differences of opinion were expressed, they 
are not as great as might have been expected judging from the dif- 
ferences in practice which now exist in educational and research 
institutions.* 

The discussions which have been received so far seem to sup- 
port the following procedure in both situations—(a) when the re- 
search fellow is working under a contract with one institution, 
educational or industrial, and (b) when a third or fourth party is 
added as a sponsor for the project: 


(1) that the contract with the research fellow or associate should 
contain clauses outlining definitely his responsibilities and 
rights in the event that an invention results from his activity ; 

(2) that should a patentable invention result from the research or 
investigation due consideration should be given to the desira- 
bility of making application for patent rights to protect the 
interests of all concerned, the decision of this question being 
influenced by the nature of the invention ; 

(3) that, if a patent is secured, the interests of the research fel- 
low, the educational or industrial institution, the sponsoring 
* Before closing the discussion I desire to thank H. H. Snelling of Snelling 

& Hendricks and B. R. Newcomb of The Babcock & Wilcox Co., who gladly 

reviewed an earlier draft of the paper and gave valuable suggestions for its 

improvement at important places. 
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firm or organization, if any, and the general public should be 
carefully guarded in the assignments that are made; 

that those to whom the patent has been assigned have an 
obligation to provide for its development and subsequent com- 
mercial application; and 

that arrangements for the publication of the results of the 
research must necessarily be influenced by the sponsorship of 
the project and the decision concerning patents. Publication 
does not serve the same purpose as a patent. It does not even 
protect the public’s interests where a patentable invention is 
described. Publication should, however, be made in some form 
at the appropriate time. 


SECTIONS AND BRANCHES 
UNIVERSITY OF DETROIT BRANCH ACTIVITIES 


By CLAIR C. JOHNSTON 


Professor of Civil Engineering, Chairman of the Branch 


The following report was presented at the session of Sections 
and Branches held during the June 27-30 meeting of the Society 
at Texas A. and M. College. Being the only branch representative 
in attendance, the subject matter was presented with some uncer- 
tainty as to the interest it would elicit. George W. Case, Chair- 
man of the Committee on Sections and Branches, and other dele- 
gates present, indicated by their comments that the report was of 
timely interest, especially to those educational institutions con- 
templating the establishment of similar branches. 

The Executive Committee of the Society authorized the forma- 
tion of a University of Detroit Branch in January, 1935. The 
objectives of our Branch are, ‘‘to explain and discuss projects and 
developments in the College of Engineering and in the Univer- 
sity; to give members of the faculty an opportunity to address 
their fellow members on matters pertaining to the engineering 
profession, the College of Engineering or the University; and to 
promote in every way possible the well being of the College of 
Engineering, of the faculty, and of the students.’’ 

The officers of the Branch are elected in December for a period 
of one year, no officer being allowed to succeed himself in office the 
following year. The officers consist of a Chairman, Vice Chair- 
man, and Secretary. Regular meetings of the Branch are held on 
the third Tuesday of each school month. These meetings constitute 
regular monthly assemblies of all faculty members, the business of 
the meeting being conducted by the officers of the University of 
Detroit Branch. 

Since its inauguration three and one-half years ago, we have 
found that our activities have helped to keep the faculty S. P. E. E.- 
minded which has stimulated an increase in our national society 
membership. At the present time fifteen of our eighteen faculty 
members in the College of Engineering are members of the Society. 

Our Branch has also affiliated itself with other Michigan uni- 
versities and colleges to form a Michigan Section which meets an- 
nually for a one day period to promote good fellowship and an 
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exchange of ideas on engineering education. This group com- 
prises Wayne University in Detroit, The University of Michigan, 
Michigan State College, the General Motors Institute of Technol- 
ogy, and Grand Rapids Junior. College. The officers of the Michi- 
gan Section are distributed among these colleges and each college 
in turn becomes the host for the annual get-together. The greatest 
benefits derived from the Section Meetings have been: 

1. A wide acquaintanceship with our neighboring colleagues, 
and 

2. A stimulated interest in methods of engineering education. 

One of the first important problems to be considered by our 
Branch was the preparation of a syllabus for each course taught 
in the College of Engineering. Dean C. J. Freund recognized the 
need of such an outline and appointed a committee early in 1936 
to investigate existing syllabi in other institutions and present a 
form that would fit our own particular demands. The form 
finally adopted was considered comprehensive enough to meet our 
present needs and satisfy the requirements of accrediting agen- 
cies. It includes a statement of the objectives which a course is 
designed to attain, the text book used, a brief description of the 
course, the prerequisites, the subsequent courses, an outline of the 
material covered during each week of the Course, and the reference 
material pertinent to the course. This was an undertaking of 
considerable magnitude, but at the present time most of this work 
has been completed. The preparation of these syllabi has greatly 
assisted the faculty in an orderly arrangement of their course ma- 
terial; it has assisted them in maintaining a definite schedule; and 
it has more firmly fixed in their minds the minimum requirements 
of a course and its ultimate objectives. 

Another problem which our faculty considered was the adop- 
tion of a proper form to be used in writing laboratory reports. 
Each professor had his own arrangement and content and no two 
were identical. This condition created confusion in the minds of 
the students and therefore needed correction. A Committee on 
Report Writing was appointed and made an exhaustive search 
among governmental and industrial reports. It drew up a modi- 


fied form representative of the important items and their proper. 


order in reports which the student would encounter in practice 
after graduation. This form was adopted, and while its exclusive 
use is not compulsory among the departments, most of them have 
signified their intentions of using it. 

In keeping with our objectives of having faculty members pre- 
sent subject matter which is related to our field and which would 
broaden our point of view, our Branch devoted one meeting to a 
discussion of ‘‘Modern Aspects of Physics’’ and three other meet- 
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ings to a consideration of ‘‘Some Philosophical Implications of 
Modern Physics as They Concern Engineers.’’ 

The discussion of ‘‘Modern Aspects of Physies’’ was ably pre- 
sented by Edward D. McCarthy of our Mathematics Department 
and dealt with an explanation of the Quantum Theory and the 
Theory of Relativity. 

Father Remi J. Bellperch, Regent of the College of Commerce 
and Finance, gave an illuminating dissertation on ‘‘Some Philo- 
sophical Implications of Modern Physies.’’ He firmly convinced 
us that a modern philosopher is well steeped in the broad scientific 
methods that are the tools of the engineering profession. 

At the close of this school year we were concerned with the 
efficacy of our library facilities, and with the problem of stimu- 
lating a greater student use of the library in the College of Engi- 
neering. The Library Committee found that our problem was 
similar to that of most institutions of higher learning. Voluminous 
data and information are available on the devices that have been 
tried by other institutions, and in most cases the results attained 
were encouraging. The recommendations of this Committee finally 
adopted were based on conditions peculiar to our own institution 
and included : 

1. The installation of some open book stacks containing a part 
of the technical literature now secluded in closed stacks. It is 
felt that, in addition to reference material now available in reserve 
shelves, other important publications would be more widely used 
if placed where the student could browse and read without first 
thumbing through a catalog index. 

2. That in addition to the assembly period now given all fresh- 
men during freshmen week, some time in the English course be al- 
lowed for a trip to the library where an explanation of the library 
service and facilities would be explained by the librarian. This 
procedure would supplement the present practice of assigning 
papers in English which require considerable library research. 

3. Seminar courses were recommended, but to prevent over- 
loading an already crowded curriculum, it was felt that each de- 
partment could stress the proper procedure in ferreting out sup- 
plementary technical literature. 

Our tentative plans for the coming year include discussions by 
the department heads on the technique each particular department 
is using, and an investigation of methods to be used in assisting 
students to develop their personality while in college. We feel 
that our Branch Meetings have stimulated team work among our 
faculty, and are certain that they will continue to be a medium 
through which diversified opinions can be crystallized for the bene- 
fit of the College of Engineering and of the University. 
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were held. These were as follows: 


A. 


E. 


. Speaker: Professor J. H. Keenan, M. I. T. 
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The Fall Meeting of the New England Section of the Society 


was held at the University of Maine, Orono, Maine, on Saturday, 
October 8. The total registration was 220 members and guests. 


Registration was held from 9:00 a.m. to 10:00 a.m. in the Alumni 


Gymnasium. 


From 10:00 a.m. until 12:00 m. five professional conferences 


Chemical Engineering—26 Lord Hall, Attendance 20. 

Chairman : Professor Frank C. Howard, W. P. I. 

Subject: Coérdination of the Unit Operations Laboratory and 
the Lecture Courses. 

Speaker: Professor C. P. Baker, Northeastern University. 

Discussion : Professor L. C. Jenness, University of Maine. 

Subject : Problems in Chemical Engineering Design and Opera- 
tion. 

Speaker: Professor C. C. Furnas, Yale University. 

Civil Engineering—14 Wingate Hall, Attendance 30. 

Chairman : Dean Frank W. Garran, Dartmouth College. 

Subject: Undergraduate Preparation for a Career in Sanitary 
Engineering. 

Speaker: Dean H. P. Burden, Tufts College. 

Subject: Model Analysis in the Teaching of Structures. 

Speaker: Professor J. B. Wilbur, M. I. T. 


. Electrical Engineering—Little Theatre, Attendance 29. 


Chairman: Professor E. R. McKee, University of Vermont. 

Subject: Electrical Engineering Courses of Non-Electrical Stu- 
dents. 

Speakers: Professor L. W. Hitcheock, University of New Hamp- 
shire, Dr. C. A. Pierce, W. P. I. 

Discussion: Professor C. L. Dawes, Harvard University, Pro- 
fessor W. B. Hall, R. I. State. 


. Mathematics and Physics—204 Aubert Hall, Attendance 35. 


Chairman : Professor C. E. Bennett, University of Maine. 
Subject : Objectives of Mathematical Instruction. 
Speaker : Professor A. A. Bennett, Brown University. 
Discussion : Professor 8. H. Kimball, University of Maine. 
Subject: Physics and Future Engineering. 

Speaker: Professor P. M. Morse, M. I. T. 

Discussion : Professor A. N. Guthrie, R. I. State. 


Mechanical Engineering—305 Aubert Hall, Attendance 25. 
Chairman: Professor C. H. Berry, Harvard University. 
Subject : Heat and the First Law. 
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From 12:30 p.m. to 1:30 p.m. the members present were guests 
of the University of Maine at a luncheon in the Memorial Gym- 
nasium. The attendance was 228. Following the luncheon a brief 
business meeting was conducted with Dean Dudley presiding. 

The Secretary read the minutes of the Tufts meeting and gave 
the financial report for the year ending December 10, 1937. Both 
the minutes and the financial report were approved. 

Dean Dudley announced the appointment of a Nominating Com- 
mittee consisting of Dean W. L. Edel, Dean G. W. Case, and Pro- 
fessors C. M. Allen, W. J. Sweetser, F. W. Stubbs and D. E. Howes, 
and a Committee on Resolutions consisting of Dean Carl S. Ell, 
Professor A. L. Townsend, and Professor F. N. Tompkins, with the 
request that both committees report at the dinner meeting. 

Dean Case, of New Hampshire and Vice President of the So- 
ciety, brought the greeting from President Compton who was un- 
able to be present. 

Dean Dudley then presented Dean Moreland as the new Dean 
of Engineering of the Massachusetts Institute of Technology. 

Dean Dudley made mention of the fact that at the Texas Meet- 
ing of the Society, the Council voted that fifty cents of the five- 
dollar dues be turned over to the section in the member’s area, 
provided dues were paid before January 15, 1939. He also pointed 
out that the Council voted to defray the travelling expenses of of- 
ficers of the Society who appear on the programs of the Section 
meetings, at least once in three years. 

Dean Cloke welcomed those present on behalf of President 
Hauck who had been unexpectedly called out of town on account 
of illness in the family. 

Dean Cloke then introduced Professor Bradt who explained the 
arrangements which had been made for the inspection of the 
campus. 

The meeting then adjourned with the period from 1:30 to 3:00 
P.M. being devoted to this inspection. 

The General Session held in Little Theatre was called to order 
by the Chairman, Dean S. W. Dudley of Yale, at 3:00 p.m. Dean 
P. H. Daggett of Rutgers University and member of the E. C. P. D. 
Committee on Colleges, spoke on ‘‘Problems in the Accrediting of 
Engineering School Curricula.’’ Dean Daggett emphasized the 
fact that individual curricula were considered separately and that 
accrediting was on the basis of the quality of staff, the completeness 
of laboratory equipment, and the content of the curricula. He 
also emphasized the fact that no attempt was being made to freeze 
all curricula into a uniform pattern. Following Dean Daggett’s 
remarks there was considerable discussion. 
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The annual dinner was held at 6:00 p.m. in the Memorial Gym- 
nasium. The attendance was 191. 

Following the dinner, members of the Section were entertained 
by musical selections on two pianos by Mrs. C. A. Brautlecht and 
Mrs. J. F. Klein. 

In accordance with custom, the secretary read the constitution 
of the Section. Dean Edel, Chairman of the Nominating Com- 
mittee, presented its report and Dean S. W. Dudley was nominated 
for chairman for the ensuing year and C. E. Tucker for secretary. 
The nominations were seconded and the secretary put the nomina- 
tion of chairman to vote and Dean Dudley was elected. The chair- 
man then put the vote for secretary and C. E. Tucker was elected. 

Dean Dudley then called on Dean Carl] S. Ell of Northeastern 
University, Chairman of the Committee on Resolutions, for its re- 
port. The following resolutions were presented and unanimously 
aecepted by the Section: 


‘The members of the New England Section of the Society for 
the Promotion of Engineering Education in annual meeting as- 
sembled at the University of Maine in Orono, Saturday, October 8, 
wish to express sincere thanks to all those who have made this meet- 
ing a happy and profitable occasion : 

‘“To the members of the faculty of the host institution, the Uni- * 
versity of Maine, and in particular to President Arthur A. Hauck 
and to Dean Paul Cloke, Chairman of the Committee on Arrange- 
ments, for the warm hospitality which has added so much pleasure 
to this visit. The beauty of the campus, the opportunity to view 
the University buildings and equipment, and the thoughtfulness of 
the Committee in planning all details, including the marvelous dis- 
play of northern lights and the glorious weather, have all been 
greatly appreciated by the members of the Section. 

‘‘Our thanks to Dean Parker H. Daggett for his instructive 
address this afternoon, to the other speakers and leaders in dis- 
cussions for their interesting and worthwhile contributions to the 
program, and to Professor Tristram Coffin, who is to address the 
members of the New England Section and their guests at this meet- 
ing tonight; to the musicians, Mrs. Charles A. Brautlecht and Mrs. 
John F. Klein, who are bringing us a musical program this evening; 
to the visiting artists of the Bangor Symphony House for their fine 
musicale, 

‘*To Mrs. Paul Cloke and her committee who have so graciously 
entertained the ladies who are here with the Section members, 

‘“To the Harmon Piano Company of Bangor which furnished the 
two Steinway pianos for our use, 

_ “To the Section Chairman, Dean Samuel W. Dudley of Yale, 
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the Seeretary, Professor Carlton E. Tucker of M. I. T., and the 
members of the Committee on Program, whose sincere efforts and 
active interest throughout the year have contributed so much to 
another successful year for this Section.’’ 
Respectfully submitted, 
(signed) FrepertcK L. TomPKINs, 
ArtHuR L. TOWNSEND, 
Caru 8. 


Following the business Dean Dudley called on Professor W. J. 
Creamer, of the University of Maine, who introduced Professor 
Tristram Coffin of Bowdoin College. Professor Coffin gave a very 
interesting address on ‘‘Poetry in Everyday Life,’’ illustrating it 
with poems of his own composition. 

During the morning the visiting ladies were taken to the Old 
Town Canoe Factory and later to the University of Maine Art 
Gallery. At 12:30 p.m. they joined the men for luncheon in the 
Memorial Gymnasium. During the afternoon they attended a 
musicale and tea at the Northern Conservatory of Music in Bangor 
and at 6:00 p.m. joined the men for dinner. 

C. E. Tucker, 
Secretary. 


SrecrETARY’s FinaNnciAL Report, 1937-38 


October 31, 1938 
Receipts: 
Cash on Hand, December 10, 1937 
Cash from Secretary Bishop (69 members) 
Received from 13 members (one paid $1.00) 


Expenditures: 
Printing 
Postage and supplies 
Telegrams 
Cash in Bank Oct. 31, 1938 


C. E. Tucker, 
Secretary, N.E. Section, S. P. E. E. 
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CIVIL ENGINEERING PAGE 


Notes of interest for members of the Civil Engineering 
Division.—Editor, M. W. Furr, Kansas State, Manhattan 


F. T. Mavis, Chairman H. T. HEALD 
H. C. Birp, Past Chairman P. Rice 
F. W. Srusss, Jr., Secretary HALE SUTHERLAND 


M. W. Fore, Editor 


The Conference to consider problems in Hydraulic Engineering will be 
held at The State University of Iowa, Iowa City, Iowa, June 12 to 15, 1939. 


The final program will be ready soon. Information may be obtained from 
Dean F. M. Dawson or Professor F. T. Mavis of the local committee. 


Regional Conference on Surveying and Mapping will be held at the School 
of Mines and Metallurgy, Rolla, Missouri, April 6 to 8, 1939, under the auspices 
of Committee VIII of the Civil Engineering Division of the Society. Professor 
E. W. Carlton, Chairman of the Local Committee on Arrangements would 


welcome inquiries. 


REVIEW OF PART OF THE CONFERENCE PROGRAM OF THE 
COMMITTEE ON SANITARY ENGINEERING*— 
by M. W. F. 


As in all the branches of the profession of civil engineering, the subject of 
teaching sanitary engineering courses is of much importance. Studies in this 
realm of engineering, in curriculum content, and teaching are being made by 
one of the standing divisional committees; that is, Committee III, Sanitary 
Engineering. The function of this Committee of the Civil Engineering Divi- 
sion is to find and devise ways to improve the teaching of sanitary engineering 
to undergraduate students. Also, it is to report researches, to suggest changes 
in the civil engineering curriculum, to propose a curriculum in sanitary engi- 
neering. and to make decrees as it deems best. 

The last group conference program was presented by the Committee, during 
the A. and M. College of Texas annual meeting of the Society, under the chair- 
manship of Professor H. E. Babbitt of the faculty of the University of 
Illinois. Collaborating in the cause were: Professors R. B. Wiley (Purdue), 
F. J. Sette (V. P. I.), Thos. R. Camp (M. I. T.), G. M. Fair (Harvard), H. A. 
Vagtborg (Armour), H. G. Payrow (Lehigh), E. R. Stapley (Okla. A. & M.), 
and Roscoe H. Suttie (Yale). The topics for discussion and the leading 
speakers were as follows: ‘‘ Teaching of Sanitary Engineering to Civil Engi- 
neers and the Minimum Laboratory Work Essential in an Undergraduate 
Curriculum,’’ by H. G. Payrow; ‘‘The Proper Scope of the Sanitary Engi- 
neering Curriculum,’’ by H. A. Vagtborg; and ‘‘Relations with the Sanitary 
Section of the Mechanical Engineering Division,’’ by H. E. Babbitt, the 
presiding officer of the Conference. 

* Report of other papers of this Conference will appear in the March issue 


of the C. E. Bulletin. 
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Professor Payrow discussed the above topics in a brief, but interesting 
manner, emphasizing the problem of the teacher in presenting brief courses of 
the four-year civil-sanitary engineering curriculum. It was stated that the 
time allotted to the teacher or teachers of the preliminary and professional 
courses, according to a previous survey, ranged from about two to six per cent 
of the time of the four-year schedule. This limiting time factor is the first 
obstacle, and it exists in about the same way in teaching any branch of civil 
engineering to undergraduates. Also, as strange as it may seem, in schools 
that are situated in the more densely populated areas of the country, the 
teacher of civil-sanitary engineering students will find difficulty in holding the 
students’ confidence and interest. The undergraduate student sometimes seems 
to have a shyness toward sanitary engineering, and the reasons for the tendency 
are more realistic than fanciful. It is thought that the lack of understanding 
of the magnitude and importance of sanitary engineering and some general 
misconceptions of students of the work are detrimental to the efforts of schooling 
in this field. Moreover, at some schools the student’s attention is directed to 
other fields or branches of civil engineering in which somewhat more complete 
courses are offered or perhaps all the other courses offered are required, 
whereas some of the sanitary courses are optional or elective. This situation 
may detract the students’ interest somewhat from the sanitary field. There- 
fore, for smoothest operation the curriculum should include basic courses with 
balanced instruction in each field. Specialization in the short time of a four- 
year period in any of the branches of the civil engineering profession should 
therefore be discouraged. 

As to the minimum laboratory work for the civil-sanitary engineering 
student, Professor Payrow indicates that the course work should include: (1) 
qualitative analysis, (2) industrial bio-chemistry, (3) industrial organic an- 
alysis or sanitary chemistry, and (4) sanitary bacteriology. Other laboratory 
courses which should be included, but are less important, are: (5) hydraulics, 
(6) reinforced concrete design, and (7) electrical and mechanical engineering 
studies outlined especially for civils. The time for each of the above courses 
should be scheduled to give from one to two credit hours. This amount of 
laboratory work will sufficiently correlate the classroom work, train the student 
in laboratory procedure and manipulation, and serve as an aid to manifest a 
better interest throughout the brief period of instruction and training. 

Will the civil-sanitary engineering student, having had a four-year meager 
training, succeed in a professional field that has become highly specialized? 
The answer on the average is yes. There are many positions to be filled as city 
engineer, sanitary engineer of a public works bureau, designer of sanitary 
engineering structures under either of the above employers or in the employ 
of a consulting firm, resident engineer on construction work, in the sales field 
of an equipment concern, et cetera. 

To appreciate the social significance of sanitary engineering more fully 
the civil engineer should imbibe some of the philosophy of the drain man in 
“The Servant in the House,’’ by Charles Rann Kennedy. Professor Payrow 
concluded his remarks with a quotation therefrom, ‘‘That’s what I came ‘ere 
to talk abaht—my job. P’r’aps you’ll think as it ain’t a tasty subjic, before 
a lot 0’ nice, clean, respectable people as never ’ad anythin’ worse on their 
fingers than a bit 0’ lawn-dirt, playin’ crokey; but some one ’as to see to the 
drains, some one ’as to clear up the muck of the world! I’m the one. An’ I’m 
’ere to tell you about it.’’ 
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ENGINEERING ECONOMY PAGE 


Engineering economy is a study of the methods of comparing technical alterna- 
tives expressed as far as possible in money terms, used in selecting that course 
of action which is believed to be the best in the long run. 


EDMUND D. AYRES, University of Wisconsin, Editor 


THE BOOKS OF ACCOUNT DO NOT TELL THE TRUTH FOR 
REPLACEMENT ECONOMY STUDIES 


Proressor DooLEy CLEAR’S REJOINDER 


(The reader will remember that Professor Dooley Clear in the October 
Engineering Economy Page explains to his class that ‘‘net realizable value’’ 
of existing equipment must be used as the basis of comparison of the old with 
the new in replacement studies. One of the professor’s students seizes upon the 
predicament of one responsible for bringing the knowledge of a large sunk 
cost to the attention of his management as a practical matter he, insists the 
professor cannot ignore.) 

Of course the engineer boss might be embarrassed. to explain to his board 
of directors ‘‘any big unamortized loss.’’ The loss might be his fault. He 
might even be fired for it. The possibility of such unamortized loss was one 
of the things to be considered when the equipment was installed. 

Nevertheless, and this is the issue: the equipment is worth what it will 
fetch, not what the books say. We can’t refuse to face the fact merely because 
the result looks bad on the books. If, for consistency or to avoid blame or 
because of mere conservatism, the replacement is not made when it should be, 
or is made when it shouldn’t be, the enterprise has taken a step towards 
disaster. 

What is troublesome in the situation is that the books don’t tell the truth. 
To accept the book figure is to be accessory to concealment of the truth. 
Better to swallow the bitter pill, otherwise, it is sentiment not logic which is in 


control. 
W. D. ENNIs. 
Stevens Institute of Technology. 


Has Professor Dooley Clear said the last word on this subject? Suppose 
the recalcitrant Will B. Practical bears down again on the professor: 
Professor Clear, I want to believe in that theory of yours but I just cannot 
get out of my mind a case where a structure or machine is located high up on a 
mountain top or far out in a‘desert country where the cost of getting that 
equipment on location and erected is most of the cost in comparison to its cost 
at the factory shipping platform, where cost of removal is great and essential 
to replacement even in this out of the way site, where second hand markets are 
too remote to influence ‘‘net realizable value.’’ Such equipment has value 
because of its performance and to say that that value is negative for purposes 
of comparison the day after it is erected because its second hand value is nil 
and its’ salvage value is negative just does not make sense. To say it is some- 
body’s mistake if an unamortized loss occurs in such a case just is not fair. 
Professor, will your theory cover these difficulties? 


Do such questions come up in your classroom? How do you answer them? 
548 
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ENGLISH NOTES 


DEVOTED TO THE INTERESTS OF TEACHERS 
OF ENGLISH IN ENGINEERING SCHOOLS 


J. L. VAUGHAN, Editor 


INSTRUCTION IN ENGLISH IN ENGINEERING 
COLLEGES 


A Report Prepared Under the Direction of the Committee on English of 
the Society for the Promotion of Engineering Education 1 


PREFACE 


By KARL T. COMPTON 


President of the Society for the Promotion of Engineering Education 


The teaching of English in engineering colleges presents educa- 
tional problems of exceptional interest. On the one hand, engi- 
neering students are primarily interested in quite different subjects 
and are inclined to view the study of English as a ‘‘chore’’ which 
interrupts their more important activities. On the other hand, 
they feel its importance so acutely, after they have had experience 
in their careers, that they almost universally wish they had obtained 
better training in the arts of written and oral expression while in 
college. Also there is no question but that engineering educators 
are becoming conscious of a need for more attention to the develop- 
ment of cultural interests and social attitudes in their students—a 
program in which the department of English has a strategic 
opportunity. 

Perhaps it is the stimulus afforded by such problems which has, 
in many engineering colleges, led to exceptional energy, originality 
and skill in English instruction. Yet there is need for improve- 
ment all along the line, from the most to the least successful of 
our English departments, and there is decided interest in a critical 
study of objectives, methods and results of instruction. 

Fortunately a generous grant from the Carnegie Foundation 

1 This report is to be published in successive issues of the JOURNAL OF 
ENGINEERING EpucaTion. The section entitled ‘‘ Composition in the Engineer- 
ing College’’ will appear in the April number. 
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for the Advancement of Teaching has enabled the Society for the 
Promotion of Engineering Education to undertake a serious and 
comprehensive study of instruction in English in engineering col- 
leges. The results of this study will be published in serial form in 
the JOURNAL OF ENGINEERING EpucATION, beginning with the fol- 
lowing article by Dean H. P. Hammond. Subsequently these 
articles will be printed together as chapters of a small volume for 
general distribution. 

On behalf of the Society, I wish to thank the presidents, deans, 
and heads of English departments of all the engineering colleges, 
and also selected instructors of English and a large random selec- 
tion of engineering graduates, who have replied to questionnaires 
and in many eases given extensively from their own observation 
and experience. We also thank the Carnegie Foundation for its 
very helpful codperation. We are especially grateful for the able 
and devoted work of the Committee on English which has had 
charge of the study and which presents the following reports. 
Under the chairmanship of President E. C. Elliott of Purdue Uni- 
versity, it consisted also of Chancellor John G. Bowman of Univer- 
sity of Pittsburgh, Professor H. L. Creek of Purdue University, 
Dean O. J. Ferguson of University of Nebraska, Dean A. M. 
Greene, Jr., of Princeton University, Mr. John Mills of the Bell 
Telephone Laboratories, President H. S. Rogers of the Polytechnic 
Institute of Brooklyn, Professor W. O. Sypherd of the University of 
Delaware, Professor K. O. Thompson of Case School of Applied 
Science, and Professor J. L. Vaughan of the University of Virginia. 


I 


THe FUNCTION OF THE DEPARTMENT OF ENGLISH IN THE SCHOOL OF 
ENGINEERING 


By H. P. HAMMOND 


Underlying any discussion of the place and function of the de- 
partment of English in the school of engineering there should be 
recognized and accepted one basic idea: the responsibility for the 
development in students of the habit of correct expression does not 
rest on the department of English alone. Every department and 
every teacher of the school of engineering should be concerned all 
the time. What is to be developed is the habit of correct expres- 
sion; but the formation of the habit is not to be accomplished only 
by regular formal instruction, however excellent. It requires con- 
stant effort and perpetual vigilance. From many students deeply 
ingrained habits of speech and modes of thought that have been 
forming since early childhood must be eradicated. Even for stu- 
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dents relatively susceptible to learning by absorption from examples 
this takes a great deal of time, and they must be continuously ex- 
posed to the right sort of examples. Conscious and persistent 
effort is needed. 

All educators must assume their shares of this responsibility. 
Nothing is to be gained by censuring the high schools for the faults 
in English of students entering college. For that matter the col- 
lege may not do its job as well as the high school. Habits of writing 
and of speech, it has been said, are formed before the age of thir- 
teen; and it would seem clear that wrong habits acquired in early 
youth cannot be eradicated in high school alone. The college must 
do its part. Moreover, the problem concerns every teacher of an 
engineering subject just as directly as it does the teachers of 
English. 

As for the department of English itself, in engineering educa- 
tion at least it has four major functions: 

First, it is responsible for training students to write and to 
speak correctly and with facility. To that end there must usually 
be included in the college courses drill in grammar and in punc- 
tuation; and the training must include spoken as well as written 
English. 

The second function arises from the nature of the engineering 
curriculum, in which there usually devolves upon the department 
of English the fostering of the liberal or cultural phases of a 
student’s education. For that, in the opinion of many, the chief 
medium is the reading and study of literature, which therefore 
should form a part of every college curriculum. This applies to 
the engineering school fully as much as to any other division of 
higher education, although from the limitations of their profes- 
sional program engineers cannot undertake as extensive work in 
literature as can students who have specialized interests in it. The 
study of literature in the engineering curriculum should be intro- 
ductory. It should be a soundly conceived introduction to the 
systematic reading of good literature and thereby foster in the stu- 
dent a desire for such reading with results that may continue 
throughout his life. By the examples which it presents it should 
aid the development of his ability to read and to speak correctly. 
In this development the importance of work in literature is not 
realized perhaps as widely as it might be. Most of us, if we trace 
the sources of our methods and style in writing, will find them 
probably in what we have read, just as we should find our habits 
of speech formed largely by what we have heard. 

The third function of the department of English is to act as a 
‘‘service’’ department for the other departments of the school of 
engineering; upon request, to assist faculty and students alike in 
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the constructive criticism of their written work; to prevent lapse 
into former bad habits of students who have passed their required 
English courses; and to aid those who wish assistance in the prep- 
aration of speeches. This function implies close and well planned 
coordination with other departments. English departments, how- 
ever, are usually more than willing to coéperate; and examples are 
to be found of very effective codrdination. 

Equally important, although more specialized, is the fourth 
function: that of rendering service by diagnosing the particular 
difficulties of students and by prescribing remedies. Speech defects 
and faulty methods of reading require such treatment; and service 
is now being rendered in a large number of cases to students whose 
scholastic difficulties are attributable chiefly to their inability to 
read textual matter correctly. 

To these positive statements of function there may be added a 
negative: a disclaimer that it is the function of the department of 
English to train students in the writing of technical reports. 
That, it seems clearly, is the duty of each engineering depart- 
ment. The organization and forms of expression in such reports, 
as well as their technical subject matter, are its responsibility. 
They are part of the obligation which engineering teachers should 
assume of developing in their students powers of expression. This 
statement does not imply, of course, that excellent results may not 
often attend the codperation of the department of English with the 
departments of engineering in the criticism of these reports as to 
details of usage. In many institutions, moreover, departments of 
English offer courses in technical writing and business correspond- 
ence that supplement effectively the training in the preparation of 
reports and other specialized writing done in connection with 
courses in engineering. 

The statements which have just been made are all derived from 
the present survey of the teaching of English in schools of engineer- 
ing. Opinions as to the various aspects of such teaching were col- 
lected from several groups—college presidents, deans, professors, 
and graduates. They were in substantial agreement as to the first 
three of the functions enumerated above. They did not, of course, 
agree on all points, and their emphasis varied ; but there was never- 
theless a considerable measure of agreement on all the previous 
statements. 

The survey also included a question as to measures that might 
be taken to improve the quality of instruction in English and to 
obtain better results. Some of the replies described very interest- 
ing and original methods. It is hoped that a number of these may 
be given trial to determine the extent of their practicability; but 
their description is not a part of the present paper. 
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In the replies there occurred frequently one basic idea which 
cannot be emphasized too often: the results of instruction in Eng- 
lish depend almost completely on the quality of the staff of the 
department. That quality, in the long run, depends upon the recog- 
nition, compensation, and opportunity for satisfaction of profes- 
sional ambitions that are offered. Recognition and compensation 
are two requirements that it is possible to meet. At least it should 
be possible, for if there is any department of an engineering school 
in which the best men obtainable are required it is that of Eng- 
lish; and its best men should be accorded the same academic rank 
and title and the same compensation as similar members of other 
departments. Unfortunately this is not always the case. Un- 
fortunately also, in institutions with a university form of organiza- 
tion the English department does not always assign its abler teachers 
to instruct engineering students. The third requirement, that of 
providing an opportunity for the satisfaction of professional aims 
and ambitions, is not so easily met. But it can be, as is evidenced 
by some institutions in the quality of their English staffs and in 
their results. 

The answers to the Committee’s questionnaire were unanimous 
in placing English among the basic essentials of the engineering 
curriculum. The recognition, therefore, of the position of English 
in engineering education is no longer a problem. Engineers in 


practice and teachers of engineering alike agree that the ability to 
write and speak properly is a prime requisite for an engineer. 
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DEVOTED TO THE INTERESTS OF THE 
DIVISION OF ENGINEERING DRAWING 


F. M. PORTER, Editor, University of Illinois 


WHY SOME OF OUR ENGINEERING GRADUATES FAIL AS 
DRAFTSMEN 


‘*Lack of interest; they expect to get rich in a year. They become dis- 
gusted unless promoted after the first drawing is made,’’ writes one chief 
engineer. 

‘Too much ambition. Most men just out of college seem to think that 
they are able and ready to take charge of somebody’s business and are not 
willing to work over a drawing board,’’ writes another consulting engineer. 

‘Lack of interest in drafting (they want to start off in an executive job, 
and each additional degree makes them poorer draftsmen) ; lack of knowledge 
of basic drafting principles, and of a realization that drafting is the chief 
means of interpreting engineering knowledge,’’ says the chief draftsman of 
another firm. 

The above excerpts were taken from a study being made of industrial 

drawing room practices and procedures by the Engineering Experiment Station 
of the North Carolina State College of the University of North Carolina at 
Raleigh. Over one hundred chief engineers or chief draftsmen representing 
many different industries and employing over 1200 draftsmen, have been con- 
tacted. 
Many engineering graduates are initiated into industry via the drawing 
room. Some of the employers believe they learn the industry more readily by 
working as tracers, detailers, checkers, and draftsmen before being given an 
actual design or specific engineering assignment. 

One reply stated, ‘‘ Failure is chiefly due to dissatisfaction at becoming 
typed (i.e. classed as a detailer, or as a tracer, or as a draftsman, as well as 
to failure to improve in speed, accuracy, clear lettering and the ability to carry 
through without detailed instructions.’’ Another says ‘‘They need ‘Horse 
Sense’ and how to use the knowledge gained in college.’’ 

From the many varied reasons given for the failure of young engineers, 
those occurring most frequently in the replies received are listed below in the 
order of greatest occurrence: 


. Lack of interest in drafting. 

. Lack of proper instruction concerning drafting. 

. Over-estimation of his importance and value. 

Lack of practical experience. 

. Inaccurate work. 

. Unsuited for drafting work, such as lack of patience. lack of ability to be 

neat, lacking imagination, lack of ability to visualize and concentrate. 

Isn’t this group of important faults food for thought to us as teachers? 

Are we doing a good job of teaching if our product is failing to meet the 

requirements of industry? Personally I think we should inform our students 

it is not disgraceful to work over a drawing board. Such work usually offers 

a stepping stone to new fields with richer rewards, since it provides the young 

engineer with a useful entering wedge into industry and into his chosen pro- 

fession. 


T. C. Brown, Instructor, 
Division of Engineering Drawing, 
North Carolina State College. 
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COLLEGE NOTES 


University of Alaska—Livingston Wright holding the De- 
grees, B.S. ’22 and M.S. ’24, M. I. T., has been appoined Assistant 
Professor of Mining Engineering, filling the vacancy made by the 
resignation of Associate Professor Ray M. Hendrickson. Mr. 
Wright has been practicing mining engineering since his graduation 
and brings a wide range of experience in his field. 

Richard C. Ragle, Colorado College. B.A. ’33. M.A. ’37, has 
been appointed instructor of geology. He has done extensive geo- 
logical work in the Rocky Mountain District and holds a commission 
in the United States Air Corps. 

Thomas H. Campbell, Univ. of Wash., ’34, M. I. T., M.S. ’38, 
has returned .after one year’s leave of absence and resumes his 
duties as instructor in civil engineering. 

L. E. Hough, Univ. of Wash., B.S. ’31, has been appointed in- 
structor in civil engineering to fill the vacancy made by the resig- 
nation of Henry Joesting. Mr. Hough has been engaged in engi- 
neering construction and surveying. 

With the opening of the fall semester, the women moved into 
the reinforced concrete, fireproof dormitory that has just been com- 
pleted and finished at a cost of $85,000. The men have already 
filled the rooms in both the old dormitories. A new reinforced con- 
crete building now houses a 175 H.P. B. & W. boiler just completed, 
with water softening equipment, a new 60 K.W. geared turbo-gen- 
erator, a 200 ton coal storage bin, as well as equipment moved from 
the old power house. <A 60,000 gallon water storage tank and 500 
feet of underground reinforced concrete tunnel have been completed 
to provide for heat, light, and water service for the campus build- 
ings. These improvements will be completed by the first of Novem- 
ber at a cost of $125,000. As additions to the permanent buildings 
on the campus, they will greatly increase the efficiency of the Uni- 
versity Plant, and will provide facilities to meet the ever growing 
demand for university training in Alaska. 

This season’s work in the mining districts has been unusually 
long on account of the favorable weather, but practically all the 
upper classmen are now enrolled, as well as a large Freshman Class. 
The long summer vacation enables the students in Alaska to take 
advantage of seasonal work. Practically all of the students are 
self-supporting to some extent. 


Howard Lee Davis has been appointed Director of Placements 
at the Polytechnic Institute of Brooklyn. 
555 


J 
q 
> 
t 
t 
1 
> 4 
- 
y 
y 
1 
4 
> 
3 
> 
1 
3 i 
3 


556 COLLEGE NOTES 


Mr. Davis was born in Cincinnati, Ohio, and attended Sheffield 
Scientific School at Yale University where he majored in mechanical 
engineering. After graduation he held several sales and super- 
visory positions connected with the light and power industry in 
Westchester County, New York. In 1906 he entered the employ 
of the New York Telephone Company, later becoming Engineer of 
Outside Plant, a position which he held until 1925, when he was 
appointed Director of Technical Employment and Training. 
During his thirteen years incumbency of this post Mr. Davis was 
responsible for the recruiting and introductory training of the 
technical and non-technical employees for the commercial, plant, 
traffic and accounting departments of the company. His interest 
in the training and post-graduate education of young men has 
brought him in contact with many of the leading technical colleges 


in the East. 


The Mechanical Engineering Faculties of Stanford and the 
University of California, Berkeley, hold bi-semester joint meet- 
ings, alternately at the respective institutions. Members of the 
staff of the Engineering Colleges who are interested in Applied 
Mechanics attend these meetings. The number varies from thirty 
to fifty. 

The first meeting last semester was devoted to a review of 
Galileo’s contributions in Mechanics and Elasticity by Professors 
D. H. Young and S. P. Timoshenko respectively. The second meet- 
ing included a presentation of Production Processes in Industrial 
Determination and Furnaces of Thermal Stresses in Hollow Cylind- 
ers by the Photo-Elastic method by Professors J. E. Dorn and E. E. 


Weibel. of California. 
The meetings are preceded by an informal dinner. 


Clemson College.—The staff of the School of Engineering has 
been enlarged by three men this fall—J. B. T. Downs in Mechanical 
Engineering, J. T. Massey in Electrical Engineering, and G. A. 
Douglass in Drawing. Mr. Downs has been Instructor in Machine 
Design at Stevens Institute of Technology where he received his 
undergraduate training, and was granted the M.S. degree there in 
1938. Mr. Massey received his B.S. in 1938 from North Carolina 
State College. Mr. Douglass received his B.S. degree from Clem- 
son College in 1931. He has been two years on active duty in 
CCC Service, called on his Reserve Officers Commission, and has 
had considerable experience in engineering construction. Also 
there have been some changes. T. S. DuBose, formerly Assistant 
in Mechanical Engineering and Shop, has resigned to accept a 
fellowship at Lehigh University and pursue graduate work toward 
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an advanced degree in Mechanical Engineering. His work is being 
taken by J. K. Chapman, who received his B. 8. degree in Electrical 
Engineering from Clemson College in 1938. Clemson College is 
exchanging a visiting faculty appointment in Electrical Engineer- 
ing with Cornell University. A. B. Credle, Assistant Professor of 
Electrical Engineering, is exchange teacher in Electrical Engineer- 
ing and in charge of operation of the radio station at Cornell Uni- 
versity where he is also working on his doctorate. He holds B.S. 
and M.S. degrees in Electrical Engineering from Cornell and has 
taught at Clemson for the past five years. Dr. Smith is exchange 
teacher at Clemson. He holds B.S., M.S., and Ph.D. degrees from 
Cornell in Electrical Engineering. He has been Instructor in 
Electrical Engineering and in charge of operation of the radio 
station there for the past five years. 

The leave of absence of Professor J. A. Stevenson of the Civil 
Engineering Department, as Engineer for the Agricultural Ad- 
justment Administration, has been extended another year, to permit 
further work in coérdination of aerial surveys and mapping... A. M. 
Quattlebaum has continued in Mr. Stevenson’s place. 

A group of precision machines used in the private research 
laboratory of the late B. A. Behrend, Vice-President of Westing- 
house Electric and Manufacturing Company, has recently been 
secured by Clemson. Their value has been estimated at $50,000. 
In aecordance with provisions in Mr. Behrend’s will, these were to 
be made available to some technical school, and the widow selected 
Clemson. 

Enrollment in Clemson this year is 2108, exceeding all previous 
figures. New dormitories built two years ago are already inade- 
quate, and the contract has just been let for suitable added perma- 
nent dormitories to house several hundred more students. Con- 
struction will begin in early January. Other projected construc- 
tion includes a new post office, addition to the heating plant, and 
added sewage and water treatment facilities. Recently occupied 
is the $500,000 Textile Building which houses the School of Textiles 
and Textile Engineering and a codperative division of Cotton 
Spinning Research of the United States Department of Agriculture. 


Colorado School of Mines.—J. Harlan Johnson, associate pro- 
fessor of geology, was one of the leaders on the recent field trip 
through northern New Mexico of the Panhandle Geological Society 
comprising members from Colorado, New Mexico, and West Texas. 
On the two-day trip the party studied the Pennsylvanian section as 
well as higher strata in the Sangre de Cristo mountain area. 

Work is underway on the School of Mines Housing Project. 
When completed it will comprise two apartment buildings, ten 
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houses, and a central heating plant, and will provide thirty-one 
living units for faculty members and married students. Its loca- 
tion is the former Golden golf course near the southwestern part of 
the campus. The cost of the project, a result of two years of study 
by President Coolbaugh and the board of trustees will be $175,000. 
Present plans for the apartments call for two twelve-unit, two-story 
brick buildings, providing eight one-room, eight two-room, and 
eight three-room apartments. The houses will be both single-story 
and two story brick, and each will have a combination living and 
dining room, two bedrooms, a kitchen and bath, and a garage at- 
tached as an integral part of the house. 

‘Mathematics for Geologists and Geophysicists’’ is a new course 
being offered by the department of mathematics. The principal 
subjects presented are: a review of differential and integral cal- 
culus, with their main engineering applications; harmonic motion 
and the significance of parameters; characteristics of oscillating 
bodies, free and forced; inertia systems; acoustic applications; 
analogies in gravitational, magnetic and electric fields, theory of 
electric networks, applications of hyperbolic and Bessel’s func- 
tions; theory of heat conduction in rocks; other applications of 
Fourier’s series, and related topics. 

The Department of Geophysics has announced the revision and 
enlargement of the course ‘‘ Electronics in Geophysics.’’ The pur- 
pose and content of the course as outlined by the department are as 


follows: 


The purpose of this course is to develop in geophysics students an 
understanding of alternating current phenomena and vacuum tube cir- 
cuits as applied in various branches of geophysics. Particular stress will 
be laid on experiments with circuits of fundamental significance rather 
than special applications. A.C. bridges will be used in the determination 
of impedances, capacitances, self and mutual inductances and in evalu- 
ating the characteristics of filters and transformers. A part of the course 
will be devoted to applications of the cathode-ray and other oscillographs 
in cireuit analysis. Fundamental characteristics of vacuum tubes will be 
discussed and measurements will be made of internal capacity, emission, 
plate voltage and plate current; vacuum-tube-voltmeters and amplifiers 


will be tested. 


Carl O. G. Wittig, assistant professor of Mechanical Engineer- 

ing for the past ten years, has resigned his position to become head 
‘ of the department of Mechanical Engineering at the Catholic Uni- 
versity of America in Washington, D. C. He takes up his new 
duties immediately after the close of the fall semester here. 


Cornell University.— William Abbett Lewis, Jr., engineer with 
the Westinghouse Electric and Manufacturing Co., in Pittsburgh, 
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Pa., and a Westinghouse lecturer in electrical engineering at the 
University of Pittsburgh, has been appointed director of the School 
of Electrical Engineering. The appointment was approved by the 
Board of Trustees on the new director’s thirty-fifth birthday, mak- 
ing him one of the youngest men ever selected for high administra- 
tive office at Cornell. He took office on February first. A grad- 
uate of the California Institute of Technology, Lewis holds the B.S. 
with honor (1926), the M.S. with honor (1927), and is the only 
student of electrical engineering ever to receive from that institu- 
tion the Ph.D. summa cum laude (1929). 

Dr. Lewis will be the third director of the school, succeeding 
Professor Paul M. Lincoln, who has served since 1922, continuing as 
acting director after his formal retirement last June. The first 
director was Professor Alexander Gray. Although Cornell organ- 
ized in 1883 the first course in Electrical Engineering anywhere 
in the world, and later established the first department of electrical 
engineering in this country, the present School of Electrical Engi- 
neering dates from 1921, when engineering instruction was reor- 
ganized and the present College, with constituent schools, was 
created. 

Oscar J. Swenson has been appointed assistant professor of 
chemical engineering. Professor Swenson, who holds the degree of 
Bachelor of Chemical Engineering with distinction from the Uni- 
versity of Minnesota, and Ph.D. with a major in the same field 
from the same institution, has had four years of teaching experience 
at Minnesota and three years as chemical engineer in the industrial 
engineering division of the E. I. duPont de Nemours Company. 

Other members of the faculty of the new school are Professors 
C. W. Mason and A. W. Laubengayer of the Department of Chemis- 
try and Professors W. N. Barnard and A. C. Davis of the Sibley 
School of Mechanical Engineering. The School of Chemical Engi- 
neering will grant the new degree of Bachelor of Chemical Engi- 
neering and will also offer graduate work in this field. 

Eleven instructors and one full-time assistant have been ap- 
pointed to the staff of the College of Engineering, Cornell Uni- 
versity, for the current academic year, in addition to the two 
professors and the assistant professor previously announced. A. B. 
Credle, ’30, who is assistant professor of electrical engineering at 
Clemson College is instructor in the School of Electrical Engineer- 
ing for one year, exchanging positions with H. G. Smith ’30 of the 
Cornell staff, who has gone to Clemson. 

Other appointments, all in the Sibley School of Mechanical 
Engineering, follow: Reginald B. Allen, B.S. in A.E. 38, assistant 
in administrative engineering ; Lewis S. Bock, M.E. ’29, who has had 
experience with the Brooklyn Union Gas Company and other con- 
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cerns, instructor in administrative engineering; L. D. Conta, who 
holds B.S.M.E. and M.S. degrees from the University of Rochester 
and was a John MeMullen Graduate Scholar last year, instructor 
in experimental engineering; John Georgian, B.M.S. from the Uni- 
versity of Minnesota, instructor in machine design; G. M. Hutchi- 
son, B.8.M.E., Virginia Polytechnic Institute, who has been em- 
ployed by the General Electric Company, instructor in engineering 
drawing; W. H. Kreamer, B.M.E., Rensselaer Polytechnic Institute, 
who has been employed by the General Electric Company, instruc- 
tor in engineering drawing; N. O. Myklestad, graduate of the Royal 
Technical College, Oslo, Norway, who has had experience with 
several industrial concerns and has been taking graduate work at 
the University of California, instructor in mechanics; E. J. Schiller, 
Jr., B.Se., Brown University, who has been employed by the Gen- 
eral Electrie Company, instructor in machine design; J. H. Shank, 
who holds the M. E. T. degree from the Colorado School of Mines 
and has been employed by the Republic Steel Company, instructor 
in experimental engineering; D. D. Sherrill, B.S.M.E., University 
of Colorado, who has had three years of experience with the U. 8S. 
Bureau of Reclamation and has taught at the University of Iowa, 
instructor in machine design; and G. K. Williams, E.E. 32, who 
also holds the M.M.E. from Cornell and has been employed by the 
Westinghouse Electric Company, instructor in mechanics. 


Harvard University—My attention has been called to the 
table on page 371 of the January 1939 issue of THe JOURNAL OF 
ENGINEERING EpucaTIon, in which Harvard College is listed as 
having 8 evening students. The figure 8 should have been in the 
next column which is headed ‘‘ Others’’ representing the ‘‘4 dropped 
Fr.; 2 ocC; 2 prov.Soph.’’ which were reported on the question- 
naire which we returned to you. 


Massachusetts Institute of Technology.—Most spectacular of 
Massachusetts Institute of Technology’s recent developments is the 
wind tunnel designed by Dr. Peters of the Aeronautical Engineer- 
ing Department and dedicated recently to the Wright Brothers, in 


recognition of their experimental methods of airplane development. - 


The tunnel is a welded, rectangular metal tube, ninety feet long 
and forty-five feet wide, varying in diameter from ten to twenty 
feet. Adjoining the tunnel is a small, yellow brick building, which 
houses the recording instruments. The tube at present is uncov- 
ered and unpainted, but after oxidation has roughened the surface, 
a coat of aluminum paint will be put on. 

The principal feature which distinguishes this tunnel is the con- 
trol of the air pressure in it. There are a few smaller tunnels in 
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which the pressure can be raised, but this is the first in which pres- 
sure can also be reduced. In accordance with Reynold’s Theorem, 
if the density of the air in the tunnel is increased four fold, the 
effects of an air stream on a quarter size model will be identical 
with those of normal air on a full size plane. When the density of 
the air is reduced, conditions of altitudes up to thirty-seven thous- 
and feet can be simulated. The velocity of the air in the tunnel 
can reach four hundred miles an hour. The heat generated by the 
air at this speed will be dissipated in winter to cold air outside, 
but in summer it will be necessary to water cool the tunnel. 

The power to move the air at this high speed comes from a two 
thousand horsepower electric motor, which drives a thirteen foot, 
six bladed, variable pitch propeller. This propeller is interesting, 
particularly since the method of its construction may be widely 
used for airplane propellers in the future. It is made by coating 
a core of wood with a hot, resinous plastic, which impregnates the 
wood when the blade is moulded at great pressure. This construe- 
tion eliminates crystal fatigue, a cause of failure in metal propel- 
lers; it also makes a light propeller, so that, if it should shatter, the 
damage done is reduced. Also to protect from flying pieces of a 
broken blade, there is a band of extra steel around the tunnel at the 
propeller mounting. 

One of the most interesting problems in the design of the tunnel, 
one which Professor Markham undertook, was that of locating the 
balances and recording apparatus. To maintain the required pres- 
sure in the tunnel, it must be tightly sealed; therefore no one can 
get at the balances while the tunnel is in operation, nor could any 
one stay in the tunnel, because of the pressure. Aerodynamic 
forces and moments on a model will be measured by the forces 
required to maintain the equilibrium of supporting balances hav- 
ing six degrees of freedom. These forces are transmitted electric- 
ally to dials in the control room, where they can be recorded. The 
position of the model during tests can be changed electrically from 
the control room. In order to see if the model is still intact during 
a test, there is a glass port between the control room and the section 
in the tunnel where the models are placed. 

The section for the models is elliptical, ten feet wide and seven 
and a half feet high. Models of parts of planes or of complete 
planes will be placed in it for tests. 

The tunnel is now in operation, measuring and checking the 
accuracy of the balances. These measurements will be taken all 
winter, and when complete, will be compared with results obtained 
on other of the world’s tunnels. In January a report of the pro- 
ceedings to date will be submitted to an aeronautical meeting in 
New York City. 
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When the calibration of the balances is finished, the tunnel will 
be used half time for the research of the faculty and half time for 
the research of industry. Undergraduate work will continue on 
the old wind tunnel. ‘ 

By use of the Wright Brothers Wind Tunnel many new ealeula- 
tions can be made concerning various conditions of flight, and many 
discoveries will be made which will further the advance of air 
progress. 

Recently President Compton dedicated to William Barton 
Rogers a beautiful new addition to Technology. This building, 
topped by a dome one hundred feet high, is certainly a fine memorial 
to so illustrious a gentleman. However, it was also built to fill the 
more necessary and practical needs of the architecture students. 
Half of this new wing is now occupied by our very welcome school- 
mates who heretofore worked in the old Architecture Building of 
the ‘‘Tech on Boylston Street.’’ It is an excellent new quarters 
that has been provided for them and the conveniences gained will 
soon erase the fond memories they still hold for the old Rogers 
Building. 

Technology has opened a new course called Biological Engineer- 
ing of which great things are hoped. 

Some years ago it appeared that the art of engineering and the 
science of chemistry could be usefully combined in a curriculum of 
chemical engineering. The possibilities of employment of the 
chemical engineer at that time was problematical. The sponsors 
of that new curriculum had faith that men, properly trained in the 
proposed field, would find their place in usefulness. The record of 
successful performance by our graduates in Course X speaks for 
itself. Biological engineering is at present in a similar situation 
to that which faced chemical engineering in its infancy. 

Biological engineering is not merely an invention of the thinking 
process; it is recognition of an existing situation and an existing 
need. There is every expectation that the student who has met 
the requirements of this new curriculum will be so equipped tech- 
nieally that by combining his technical information with industry 
and ingenuity he may enjoy success in problems of research and of 


pure and applied biology, as in medical schools, hospitals, founda- © 


tions and biological institutes, universities, food industries, pharma- 
ceutical manufacturing, industrial hygiene and in various govern- 
ment laboratories connected with agriculture, food, milk, and 
standards. The field is a virgin one for the man of ability, imagina- 
tion and courage. It offers a chance for creative work. There are 
no ruts in this field into which the biological engineer may stumble. 
His progress will depend upon his own power and initiative. No 
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frontier of applied science has ever appeared to be more fertile 
ground from which to arrest a useful and interesting livelihood. 


Missouri School of Mines.—<As a result of the death of Pro- 
fessor L. E. Garrett, D. F. Fisher, Jr., a graduate of Pennsylvania 
State College in State College, Pennsylvania, has been appointed 
instructor in the Mechanics Department. R. Z. Williams, Assistant 
Professor of Mechanics, has been appointed acting head of the De- 
partment to succeed Professor Garrett. 

A number of the faculty and alumni of the School of Mines and 
Metallurgy are active in a movement to have the Missouri legisla- 
ture, now in session, pass a registration law for engineers for Mis- 
souri following the uniform law that has been passed in a large 
number of other states. 


Norwich University has established a bureau of industrial re- 
search to codperate with Vermont manufacturers and business en- 
terprises. The director of the bureau is Major Douglas E. Howes, 
associate professor of electrical engineering. The bureau consists 
of a director, and heads of departments and other members of the 
department to be designated by him, involved in specific studies. 

The purpose of the bureau will be especially to assist the 
smaller industries, which are not large enough to support research 
organizations of their own. 

The impetus to the organization of the bureau came from the 
Vermont division of the New England Council, of which Mortimer 
R. Proctor is chairman. The New England Council has encouraged 
the formation of an organization for industrial research in each 
New England State. With the Norwich bureau under way, scien- 
tifie investigation in the problems of industry under the general 
auspices of the council will be available in every State in New 
England. 

The bureau at Norwich will maintain as accurate a survey of the 
Vermont industries as possible, attempt to arrange with the in- 
dustries and the facilities of the University for the solution of 
industrial problems, maintain as complete a catalogue of industrial 
information as possible, contact similar organizations in New Eng- 
land for the purpose of steering inquiries to the proper sources 
when the university is unable to supply the information thus pre- 
venting duplication of effort, promote meetings for related indus- 
tries, and supply all assistance possible to Vermont industries 


which seek its codperation. 


University of Notre Dame.—Carson P. Buck has been ap- 
pointed to the Department of Engineering Drawing, replacing 
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Francis X. Ackerman, former head of the Department, who has 
been retired after many years of service. Mr. Buck received his 
undergraduate training at the Clarkson College of Technology, 
B.S. in C.E., 1933; his graduate training at St. Lawrence Univer- 
sity, M.A., 1936. He has had three years experience with the U. S. 
Coast and Geodetic Survey, as well as other industrial experience. 
He comes directly from the Vocational High School in New York 
City, where he has taught for a year and a half. 

P. M. Pirchio, who has been a member of the Department since 
1924, has been appointed as the new head of the Department. 

Robert Eikenberry joins the Department of Aeronautical Engi- 
neering as a new instructor this year. He comes from the Uni- 
versity of Michigan from which he received his M.S. in Aero. Engr. 
in 1936. He is, at present, engaged in a research problem for his 
Doctor’s Dissertation. His undergraduate work was at Swarth- 
more College, B.S. in Physies, 1934. While at the University of 
Michigan, he was flying instructor and superintendent of equip- 
ment of the University of Michigan Glider Club. He has had soar- 
ing experience in three national contests. 

The Chemical Engineering staff has been augmented by the 
addition of Mr. Ernest J. Wilhelm, who comes from the Research 
Division of the New Jersey Zine Company, where he has been mak- 
ing investigations in the metal section. Mr. Wilhelm received all 
of his education at Notre Dame, where he took his Ph.D. in 1930. 


West Virginia University—Chas. E. Lawall, Head of the 
School of Mines, has been elected Acting President of the Univer- 
sity following the resignation of President C. S. Boucher, but at 
present has not relinquished his duties in connection with the 
school. W. W. Hodge, Head of the Department of Chemical Engi- 
neering, has been granted a year’s leave of absence to organize a 
program of research for the treatment of the industrial wastes of 
the steel industry as they affect water supplies. The research is 
sponsored by the American Iron and Steel Institute. Professor 
Hodge is located at Mellon Institute. 

Three new instructors were added to the staff in Chemical 
Engineering this year. R. C. Cantelo came from the oil industry. 
at Whiting, Indiana. O. E. Brown from the University of Wis- 
consin and M. J. Skeeters from Purdue University. 

Much new equipment has been secured for the engineering 
laboratories. Mechanical engineering is completing a new internal. 
combustion laboratory with new power brakes and two Diesel and 
two gasoline engines. Chemical engineering has recently obtained 
a new crystallizer, a humidity and temperature control dryer, a 
bubble cap distiller, a double effect evaporator and an Oliver 
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Rotary Filter press. The Department of Mechanics has a new 
200,000 pound hydraulic testing machine. 

Enrollment continues to grow, the increases for the last two 
years being about 10 per cent over the preceding years. 

A new Mineral Industries Building has been planned to relieve 
the present congestion in the college. It will house Mining, Chemi- 
eal engineering and Géology. 


The Worcester Polytechnic Institute Board of Trustees has 
authorized President Ralph Earle to proceed with a million-dollar 
program of building construction and campus development. It 
will be the largest educational building program ever undertaken 
as one project in this city, which is the home of four colleges. W. 
P. I. now has a restricted enrollment and President Earle states 
the trustees contemplate no increase. The Freshman class registra- 
tion is limited to 180. 

The program embraces an addition to Salisbury Laboratories, 
now in construction, and remodeling of the main building, at a cost 
of $100,000 ; erection of a memorial building for student activities, 
to include a library and auditorium seating 975, at a cost of $350,- 
000; erection and equipment of a mechanical engineering building, 
$400,000 ; refitting old mechanical laboratories for use of the civil 
engineering department, $65,000; development of a quadrangle 
(including land already purchased), razing of buildings, relocation 
of tennis courts, erection of a footbridge connecting the East and 
West campus, refitting of Boynton Hall administration offices, eul- 
tural departments and faculty lounge, $85,000. 

The Memorial building will be erected first. Bids will be called 
for this Spring, and it is planned to have ground broken and work 
underway by Commencement. It should be completed by June 
1940, and the whole construction program by the opening of the 
1942 Fall term. 

The center for student activities is being given to the college 
by generous friends, as a memorial to a man who was prominent in 
the early development of the Institute. His name will be given to 
the building at the time of its dedication. The site selected is ad- 
jacent to Sanford Riley Hall, freshman dormitory, to which the 
memorial is to be connected by an arcade at the auditorium level. 
The architecture will be in the Tudor style, carried out in brick 
laid in Flemish bond and trimmed with gray cast stone, to conform 
with that of the dormitory and Alumni Gymnasium. The audi- 
torium will be equipped with an organ, sound-picture equipment, 
and an ample stage. It will be the scene of all student assemblies, 
including daily chapel exercises now conducted in Sinclair Hall. 

Plans for the mechanical engineering building are now being 
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prepared, and it is expected construction will be started within a 
year. It will be opposite the old laboratories and adjacent to the 
gymnasium, forming with the memorial the third side of the new 
quadrangle. Erection of this-building is made possible by liberal 
bequests of two graduates, Moses B. Kaven, ’85, and William L. 
Ames, ’82. Trustees and alumni propose to secure additional funds 
for its endowment, for equipment, and for other items of the campus 
improvement program. 

Grading and landscaping of the new plot plan for the western 
portion of the campus will follow the construction of buildings. 
At that time the civil engineering department will be moved into 
what are now the mechanical laboratories, and present civil engi- 
neering quarters in Boynton Hall will be remodeled for use of the 
mathematics department and for faculty meeting rooms. 


a 


NECROLOGY 


In the death of W. E. Bartow, professor of metallurgy and 
metallography, on December 22, the faculty of the Virginia Poly- 
technic Institute suffered an irreparable loss. Not only was Dr. 
Barlow a distinguished scientist and scholar; he was also an in- 
spiring teacher, a man of broad interests and culture, and a Chris- 
tian gentleman whose sterling character impressed itself on all who 
had the privilege of knowing him. 

William Edward Barlow was born in Bury, Lancashire, Eng- 
land, on May 11, 1870, the son of William Smythe and Mary Yates 
Barlow. He received his early education at the Bury School and 
in 1889 was awarded both the Key Exhibition and the Openshaw 
Scholarship at Cambridge University. He entered St. John’s Col- 
lege, Cambridge, and began studying for the Natural Science 
Tripos. In 1892 he left England for travel and rest; after spend- 
ing several months in Utah and Colorado, he became an instructor 
in chemistry at the State University of Iowa, where he remained 
until 1901. 

He returned to Cambridge at intervals, taking his B.A. degree 
(first class) in 1895 and his MA. degree in 1899. Securing a leave 
of absence from the University of Iowa in 1901, he went to Ger- 
many and spent two years at the University of Goettingen, from 
which he received his Ph.D. degree (magna cum laude) in 1903. 
He then returned to Iowa University as assistant professor of 
chemistry. 

Dr. Barlow came to Virginia Polytechnic Institute in 1904 as 
assistant professor of industrial chemistry and metallurgy. He 
became associate professor at the end of the year and was made 
professor of metallurgy and metallography in 1906. Not only did 
Dr. Barlow initiate the study of metallography at Virginia Tech; 
he also developed the work in metallurgy from a single course to 
an independent curriculum leading to a degree. From 1908 to 
1919 he was dean of the graduate department. He also found time 
for much original research in his chosen field, the results of which 
were published chiefly in the Journal of the American Chemical 
Society. At the time of his death he was a fellow of the American 
Association for the Advancement of Science, a member of the 
Sigma Xi and Phi Kappa Phi honor societies, an Episcopalian, and 
a Mason. 
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BOOK ‘REVIEWS 


Internal Combustion Engines. H. E. Deater. John Wiley and 
Sons. 


This treatise on the internal combustion engine fits the needs of 
the undergraduate student of Engineering. The prerequisite sub- 
jects might be simple chemistry and strength of materials, although 
the latter could be omitted since all formulas used are put in their 
final, useful form. 

The author realizes that the undergraduate has not had the ex- 
perience of dissembling and assembling internal combustion engines. 

The order of presentation, Combustion, Cycles in Present Day 
Use, Practical Engines, Design of Engine Parts and Testing, is 
logical. Considerable detail concerning the Diesel Engine is in- 
eluded. The final chapter, ‘‘the Economies of Gas and Oil Power,’’ 
is well handled from an Engineer’s viewpoint. The latest codes on 
the testing of both internal combustion engines and their specific 
offspring, the automobile engine, are found in the appendix. 

It is evident that this book is not intended to replace standard 
works by such authors as Ricardo, H. T. Tizard or D. R. Pye. 

This book is now being used as the text for our ‘‘Internal Com- 


bustion Engine’’ course at the College of the City of New York. 
SreeHen .J. Tracy, Jr. 


Electric Power Transmission and Distribution. L. Frank Woop- 
ruFF. Second Edition. John Wiley and Sons, Inc. 257 pages. 


Price $3.50. 


Most revisions or second editions of text books are made inferior 
to the original by the addition of uncorrelated material making the 
text too voluminous or by the cutting out of fundamentals to make 
room for new material. 

Mr. Woodruff in his second edition of ‘‘ Electric Power Trans- 
mission and Distribution’’ did not make either of these mistakes. 
The new edition has 257 pages against the original of 340 pages. 
This was made possible largely by his treatment of line reactances 
by the method of Geometrical Mean Distances instead of Flux 
Linkages which makes line reactance calculations a relatively simple 
problem. 

Practically the entire text has been rewritten except for basic 
concepts such as skin effect. Two chapters have been added, one 
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on power limits and stability and the other on calculation of fault 


currents. 
The new edition is a notable advance from the standpoint of 


teachability. 
E. Rusu 


Mechanics for Engineering Students. YouncEr. International 
Textbook Co. 


Professor Younger has written a well-arranged and readable 


_ book on mechanics. The large number of very practical applica- 


tions of theory which are included should be very welcome to 
mechanics teachers. 

The book is divided into five sections as follows: Statics, Kine- 
matics, Dynamies of Rigid Bodies, Methods of Momentum and 
Energy and Method of Dimensions. The text is divided into forty- 
seven chapters and the author points out that the division into 
short chapters is an advantage from two standpoints. It aids in 
keeping a number of class sections at the same stage of advancement 
and helps in an orderly presentation and study of class material. 

In statics the author includes a discussion of the ‘‘method of 
virtual work’’ in addition to the usual methods of equilibrium. 
Also from time to time throughout the text reference is made to 
the historical development of mechanics which adds considerably 
to the interest of the text. 

In the section on ‘‘Dynamiecs’’ in addition to the other methods, 
D’Alembert’s method is presented as the most practical for engi- 
neering students. Throughout the text the author emphasizes 
basic methods and concepts as being important rather than formu- 
las and results. 

The growing importance of methods of dimensions has led the 
author to include a section dealing with this subject. He discusses 
the necessity that equations be homogeneous and also the value of 
dimensional analysis in determining the possible form of an equa- 
tion from experimental observations. 

There are 635 problems included in the text arranged at the 
end of each chapter in the order of their difficulty. The complete 
solutions to a number of the problems are given, illustrating the 
application of theory. These problems are especially noteworthy 
due to their extremely practical nature. 

The ‘‘reviewer’’ believes that this text is very well suited to its 
purpose, #.¢., as a text for a one-year course in analytic mechanics 


for engineering students. 
Tuos, G. BECKWITH. 
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Problems in Engineering Thermodynamics and Heat Engineering. 
Second Edition. CHarLEs W. Berry, Cart L. SVENSON, AND 
H. Carutton Moore. John Wiley and Sons, Inc. 178 pages. 
$1.25. : 


This book contains nearly one thousand problems covering the 
theory and practical application of thermodynamics to engineer- 
ing. The problems are grouped logically into fifteen chapters, 
each of which covers some particular phase of the subject. 

To show the scope of the book a few of the chapter headings are 
listed : ‘‘Introduction, Units, and Specific Heat,’’ ‘‘Internal Com- 
bustion Engines,’’ ‘‘Steam Turbines,’’ ‘‘ Boilers and Accessories— 
Fuels and Combustion,’’ ‘‘ Air Compressors,’’ ‘‘ Heating and Venti- 
lating,’’ ‘‘ Miscellaneous Mechanical Engineering Equipment.’”’ 

Answers are given to part of the problems. Problems are 
printed only on one side of each sheet and the left edge of the sheet 
is perforated. If desired the problem can be readily clipped from 
the book and attached to the solution. 

The authors state that in the second edition the scope of the 
book has been increased by adding new problems at the end of the 
chapters, and that all known numerical errors and omissions have 
been corrected. 

Such a book should be of considerable value in conducting 
classes in thermodynamics, since the number of problems available 
and their classification make it relatively simple to select one to 


illustrate any point desired. 
G. O. MANIFOLD. 


Strength of Materials. First Edition. Norman C. Riees anp Max 
M. Frocut. 432 pages. Ronald Press Company. 1938. 


The material covered in this text is indicated by the chapter 


headings: Stress and Strain; Two-Dimensional Stress Analysis; 
Thin Cylinders and Riveted Joints; Shears and Bending Moments; 
Stresses in Homogeneous Beams; Stresses in Non-Homogeneous 
Beams; The General Case of Bending and Short Columns; Torsion ; 
Deflection of Beams; The Three Moment Equation, Conjugate 
Beams, Moment Distribution ; Columns, Curved Beams and Hooks; 
Strain and Energy; Impact Stresses; Elements of Photoelasticity, 
Stress Concentrations; Failure of Materials. To give further de- 
scription the authors make the following statements concerning 
their work: they have tried to present a unified, teachable book; 
the material has had extensive use in lithograph form; deflection by 
double integration is omitted, making place for some work in the 
Cross method of moment distribution ; there is a brief treatment of 
the theory and application of photoelasticity to the study of stresses, 
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such material stimulating student interest; stress concentration is 
demonstrated as being the chief cause of failure in fatigue. 

The text covers the usual work in Strength of Materials but in- 
cludes the increasingly important studies of photoelasticity and 
stress concentration. This material is conveniently placed so that 
it can be omitted from the briefer courses. The chapters on 
riveted joints and on stresses in homogeneous beams have increased 
value because of simple photoelastic examples. 

The treatment of the fundamentals is largely the same as in 
other texts. It is believed that the material on Mohr’s circle, the 
ellipse of stress, and the ellipsoid of stress presented in chapter two 
might better be omitted in the basic work. There should be ma- 
terial included on the design of riveted joints. The inclusion of the 
Cross method of moment distribution is good, but the work basic to 
this method is insufficient for the average student. 

A valuable innovation is the summaries, at the end of each 
chapter, of the important topics covered and the formulas de- 
veloped. 

The material in the text is sufficient for a complete course in 
strength of materials and may readily be used in the briefer courses 
by omitting some of the chapters. 

Martin L. Rutter. 


Applied Descriptive Geometry with Drafting-Room Problems. 
FranK M. Warner. Second Edition. MeGraw-Hill Book Com- 
pany, Inc. New York and London. 1938. xiv + 228 pages. 
$2.25. 


‘The best way to learn how to use a tool’’ says the author, ‘‘is 
to spend less time looking at the tool and more time in using it.’’ 
The fallacy in this figure is due to the actual disparity between the 
socalled mathematical tools and the tools of the machine shop. One 
who has never before seen a lathe may perhaps evolve a theory of 
its uses by contemplating the lathe and running down the reason 
for existence of each of its gagdets. Actually, however, even the 
operator is not as a rule familiar with the mechanical theories 
which the designer applied in constructing the lathe, so that his 
contemplation of the machine is bound to be more or less superficial, 
and he would not be expected to exhibit much versatility in modify- 
ing its special features to adapt it to less usual purposes. 

In mathematics, however, the user of a particular tool must first 
construct the tool before he can use it intelligently. He does not, 
of course, necessarily design it himself but he must at least, in 
acquiring it, pursue more or less the same line of thought as he who 
did design it. He must follow the theoretical development of a 
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‘“tool’’ to be made keenly aware of its power. limitations, and re- 
levaney in the field of its applications. The more one contem- 
plates (thinks vigorously and rigorously about) a fruitful, theo- 
retical tool the more insight and flexibility one gains in its prac- 
tical use. A theory is something that must be made the subject 
of profound contemplation if one is to see all its facets, all its 
implications, and all the uses. A theory is a light illuminating 
facts; by that light we see how to codrdinate and utilize the facts 
to the maximum advantage. Without that light we stumble blindly 
in the dark and obtain correct results, when we do, by the grace of 
accident. 

The author himself would probably give assent to these by no 
means original views. Indeed the essence of his book, despite the 
mild introductory disclaimer is actually theory but theory im- 
bedded, so to speak, in practice, theory which is motivated by prac- 
tical requirements, and unfolded along with the solution of the 
problems. 

The book seems to the reviewer to be a very desirable one as a 
working text and could be read with profit by engineers and pure 
mathematicians alike, particularly those among the latter who teach 
courses requiring skilfull blackboard drawing technique, such as 
solid geometry and integral caleulus. The book is attractively 
printed and bound and contains, as one might expect in a work of 
this nature, excellent figures. The problems are numerous and 


good. 
A. E. STANILAND. 
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A BIG SQUEEZE 


TAKES a lot of squeeze to put a 1,000,- 

ooo-volt x-ray equipment in a container 
aly four feet in diameter and seven feet 
ing, especially when its less-powerful pred- 
wessors required a special building 62 feet 
mg, 32 feet wide, and 36 feet high. But 
rently, without much ado, G-E scientists 
pplied the necessary squeeze and com- 
jeted some surprisingly compact x-ray 
quipment. 


§uch squeezing naturally involves a few 
movations in design. So innovations were 
introduced. The 11-section x-ray tube was 
mt inside the novel transformer, in the 
gace normally taken by an iron core. Gas 
ving an impressive-sounding name, di- 
tlorodifluoromethane, was used instead of 
ilas an insulating medium, 100 pounds of 
this gas doing the work of six tons of con- 
rntional oil. 


Then the equipment was mounted in the 
gounded metal container, thereby enclosing 
the 1,000,000-volt circuit and eliminating 
he hazard of electric shock. Looking at the 
)paratus, you note a striking absence of 
moving parts, for the control of the appara- 
tus is essentially electrical. 


The first of the new units will be installed 
tis spring in Memorial Hospital, New York 
lity, providing medical science with an- 
ther powerful weapon in its war on disease. 


GENERAL 


THE “HOUSE OF MAGIC" 
BECOMES TWINS 


HE world-famous G-E “House of 

Magic” show has become twins. It had 
to, for it was placed in the predicament of 
having to be in two places at one time—the 
New York and the San Francisco Fairs. 
One twin—directed by R. L. Smallman, 
Calif. Tech ’33 and ex-Test man—is already 
holding court on San Francisco’s Treasure 
Island, site of the Pageant of the Pacific. 
The other makes its bow April 30, opening 
day of the New York World’s Fair. Its 
director is W. A. Gluesing, Wisconsin ’23, 
also an ex-Test man. 


The thousands of visitors to these Fairs 
will see such feats of modern magic as a 
voice-controlled toy train, a magic carpet, 
zigzagging pictures of sound. They will see 
the stroboscope, which makes it possible 
to see the spokes of a whirling wheel just 
as if the wheel were motionless. 

However, entertaining as these demonstra- 
tions are, they represent far more than mere 
tricks of modern magic. They symbolize the 
work in pure science that is constantly tak- 
ing place in G-E research laboratories—work 
which is the basis of General Electric’s 
contributions to the world of the future. 
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47th Annual Meeting 
S. P. E. E. 


AT 


The Pennsylvania State 
College 


STATE COLLEGE, PA. 


Monday, June to 
Friday, June 23, 1939 
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A Complete Plant 
Under One Roof 


PRINTING ~ BINDING ~ ELECTROTYPING 


PRINTERS OF 


SCIENTIFIC AND TECHNICAL JOURNALS 
AND BooKs 


THESES AND DISSERTATIONS 


WorRKS IN FOREIGN LANGUAGES 


Your Book, Journal or Thesis placed with 
us insures that the composition, proof-reading, 
electrotyping, presswork and binding follow 
through in consecutive order in one plant 
—established sixty-two years ago—and 
under the supervision of one management. 


LANCASTER PRESS, INc. 


LANCASTER, PENNA. 
Established 1877 


[Printers of The fournal of Engineering Education] 
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New and Recent Textbooks — 


Jennings and Lewis— 
AIR CONDITIONING 

The authors of this new textbook have presented the 
fundamentals of air conditioning in adequate amount to 
form a sound working basis for both engineering students 
in the upper college classes and the practicing engineer. 
The extensive tables of data and charts add much to the 
value of the book for reference purposes. 
465 pages, 57% X 834, flexible, $4.00 


Sheiry— 
ELEMENTS OF STRUCTURAL 
ENGINEERING 

The aim of this book is to present in a single volume the 
fundamental principles involved in the stress analysis and 
design of modern timber, steel, and reinforced-concrete 
structures. It is planned primarily to serve as a textbook 
in college courses for students who are not specializing in 
structural engineering. 

467 pages, 5144 X 814, flexible, $4.00 


Girvin— 
APPLIED MECHANICS 


In keeping with the present academic tendency to offer 
the course in applied mechanics to engineering students 
during their sophomore year, this author has produced a 
textbook that will be readily understood by the less mature 


student. 
336 pages, 534 X 834, flexible, $3.00 


Reed— 
FUNDAMENTALS OF 
ELECTRICAL ENGINEERING 
A first course in electrical engineering, this textbook 
gives a clear and concise treatment of the fundamentals on 
which electrical engineering is based. 
326 pages, 5144 X 814, flexible, $3.00 


Examination copies will be sent on approval 
INTERNATIONAL TEXTBOOK COMPANY 


Scranton, Pennsylvania 


